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Chairman:  James  w.  Kimbrough 
Major  Department:  Plant  Pathology 

The  Sarcoscyphaceae  and  Sarcosomataceae  In  the 
Pezlzalea  are  oharacterlzed  by  having  leathery  or  gelatinous 
apotheclar  oblique  opercula,  an  aporhyngue  type  of  crozier, 
and  Inequilateral  ascospores,  They  have  been  placed 
together  In  the  suborder  Sarcoacyphineaer  but  differences  in 
aecal  dehiscence  and  pigments  in  their  apothecla  raise 
questions  on  the  relationships  of  the  two  families.  The 
purpose  of  this  research  Is  to  investigate  spore  ontogeny 
and  septal  structures  of  selected  genera  In  the 
Sarcoscyphaceae  and  Sarcosomataceae  by  using  TEM  techniques 
to  help  resolve  these  questions. 

Spore  wall  ontogeny  was  found  to  be  Inconsistent  and  is 
not  reliable  to  be  used  in  studying  phylogenetic 
relationships  In  Che  Pezlzales.  However,  fine  structures  of 
the  spore  wall  reveals  useful  Information  for  solving  some 


taxonoisic  problems.  The  cyanophobio  spore  markings  of  the 
Sarcoacyphaceae  are  composed  of  the  primary  well  while  the 
cyanophilous  spore  ornaments  that  commonly  occur  in  the 
other  Pezizales,  including  Sarcosomataceae,  originate  from 
the  secondary  wall. 

Septal  structures  of  the  Sarcoscyphaceae  are  almost 
identical  to  those  of  Lachneae  of  the  Otideaceae  and  are 
associated  with  globose  Horonin  bodies.  In  the 
Sarcosomataceae , septal  pore  plugs  are  similar  to  Aleurieae 
and  are  associated  with  various  shapes  of  Woronin  bodies, 
including  globose,  hexagonal,  and  long  cylindrical  shapes. 
Septal  structures  in  asci,  ascogenous  hyphae,  and  vegetative 
hyphae  support  the  idea  chat  Che  Sarcoscyphaceae  and 
Sarcosomataceae  are  derived  from  various  tribes,  especially 
Lachneae  and  Aleurieae,  of  the  Otideaceae,  and  they  are 
closely  related  to  each  other  and  to  the  Morchellaceae  and 
Kelvellaceae. 

The  roles  of  the  parasitic  nature,  ascal  structure, 
nuclear  condition  of  spores,  apothecial  pigmentation,  spore 
symmetry,  and  spore  wall  structure  play  in  evolution  of  the 
Sarcoscyphaceae  and  Sarcosomataceae  and  the  other  Perizales 
are  discussed.  The  sarcosomataceae  should  be  separated  from 
the  Sarcoseyphlneae  ae  another  family  In  the 
because  of  the  lack  of  suboperculata  asci. 


Pezlzales 


Feziaales  is  an  order  of  cup-fungi  { Discomycetea ) 
characterized  by  cylindrical,  operculate  aaci  with  broadly 
ellipsoid,  subgloboae  to  globose,  non-septate  ascospores. 
Asci  are  usually  formed  in  a hymenium.  The  hymenium  may  be 
reduced  to  a few  ascl  or  to  a single  ascus,  resulting  in 
small  globose  to  discoid  apothecia,  or  with  many  asci  that 
form  cupulate,  saddle-shaped,  gyrose  or  sponge-like 


apothecia.  Early  studli 
features  of  ascocarps  S' 
and  configuration  of  thi 
in  the  Pezlzales  that  h. 
authors  range  from  as  £< 
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: of  classification  relied  mostly  on 
;h  as  size  and  shape  of  apothecia 
hymenium.  The  number  of  families 
■e  been  recognized  by  different 
r as  seven  to  as  many  as  nineteen 
928;  Clements  and  Shear,  1931;  Le 
:nnis,  1968;  Rifal,  1968;  Eckblad, 
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In  the  mld-19th  century,  mycologists  began  to  examine 
microscopic  features  of  asci.  Crouan  and  Crouan  (1857)  were 
the  first  to  describe  operculate  dehiscence  of  asci. 

Boudier  (1879)  was  the  first  to  separate  Disconycetes  into 
Inoperculate  and  operculate  Discomycetes . Von  Hdhnel  (1917) 
showed  that  a number  of  tropical  discomycetes  had  tough, 


leathery  apothecia.  Buller  (1934)  pointed  out  eccentric 
aecal  tips  in  soitie  of  the  same  genera.  Seaver  (1928)  showed 
that  these  same  genera  had  inequilateral  aecospores  as  well 
as  eccentric  asci,  and  the  asci  and  aacoapores  were 
extraordinarily  large.  Chadefaud  (1943)  revealed  that  some 
of  the  genera  of  this  group  had  an  "aporhynque"  type  of 
ascal  base,  i.e.,  an  atypical  crosier  mechanism  with  a 
trailing  hypha-llke  base.  Later,  chadefaud  (1946)  examined 
asci  and  ascospores  of  Sarcoacypha  coccinea  (Jacq.)  Fr,, 
which  was  initially  classified  as  an  inoperculate 
Dlscomycete,  The  particular  disposition  of  the  operculum  of 
the  asci  which  seemed  to  share  both  inoperculate  and 
opercuiate  characteristics,  along  with  the  presence  of  one* 
celled  piurinucleate  spores,  led  chadefaud  to  place  this 
fungus  in  the  "para-operculates , " a taxon  intermediate 
between  the  operculates  and  the  inoperculates . Berthet 
(1964)  confirmed  chadefaud’s  (1943)  discovery  and  showed  the 
aporhynque  type  to  be  present  in  the  para-operculates  (all 
Sarcoscyphaceae) . In  addition  to  having  the  aporhynque  type 
of  ascal  bases,  they  also  had  piurinucleate  spores.  The 
number  of  nuclei  varies  from  two  to  twenty-five  per  spore 
depending  on  genera  and  species  (Berthet  1964). 

Le  Gal  (1946a,  1946b)  examined  the  operculum  of  the 
para-operculates  using  either  dried  material  rehydrated  with 
water  or  material  preserved  in  formalin  or  in  alcohol 
solution  and  found  that  this  group  possessed  a ''cousslnet 


apical"  (apical  pad] 


'coussinet  apical  annulalce" 


(apical  open  ring),  although  they  were  not  always  visible  by 
light  mleroBcopy.  Kon-callose-pectic  ornamented  spores  was 
another  particular  feature  discussed  by  Le  Gal  (1946b).  Le 
Gal  distinguished  three  different  groups  according  to 
detailed  characteristics  of  the  apical  apparatus  of  ascl. 

All  three  groups  had  two  layers  of  ascal  walls,  the  outer 
layer  and  the  inner  layer.  The  first  group,  represented  by 
Pseud Qolectania . Pithva,  Helascvpha,  Urnula.  Sarcosoma . 
Wvnnea.  and  sareoscypha.  was  characterised  by  the  terminal 
apical  chamber  being  located  within  the  inner  layer  of  ascal 
wall.  The  second  group  had  a laterally  located  apical 

representatives  were  Phlllipsia  spp.  The  third  group 
consisted  of  only  Urnula  oeaster  Peck,  and  was  similar  to 
the  second  group  except  the  outer  layer  of  ascal  wall  was 
very  thick.  Le  Gal  (1947)  proposed  Sarcoscyphaceae  to 
include  nine  genera  of  the  suboperculates  (corresponding  to 
the  paraoperculates } as  follows:  sareoscypha.  Cookelna, 
Phlllipsia,  Pi thva . Urnula.  Sarcosoma . Wvnnea, 
PSBudoplectania , and  Melascvpha,  Based  on  apothecial  colors 
and  types  of  tomentum,  she  separated  this  family  into  two 
tribes,  the  Urnuleae  (dark  colored  apothecia)  and 
Sarcoscypheae  (bright  colored  apothecia),  Le  Gal  (1946b) 
believed  that  the  operculate  Discomycetes  were 


derived  from 


inoperculate  Dlscomycetes  (HeLotiales)  through 


Arpln  (1968)  did  a thorough  atudy  oC  carotenoid 
pigments  of  Disconycetes . Among  the  genera  of 
Sarcoscyphaceae,  Pithva.  Sarcoscynha,  Cookeina,  Phillips ia. 
Urnula.  and  Pseudoplactania  were  studied.  Pithva  and 
SarcoBcvpha  possessed  a predominant  amount  of  either 
carotene  or  plectanlaxanthine  or  both;  Cookeina  and 
Phillipsia  contained  a moderate  quantity  of  a pecuiiar 
carotenoid  pigment,  phillipsiaxanthine,  and  its  derivatives, 
In  contrast,  Urnula  and  Paeudoolectania.  which  were  the  only 
genera  with  dark  apothecia  among  the  Urnuleae  studied, 

of  Sarcoscypheae  (•  Sarcoscyphaceae)  contained  various 
derivatives  of  carotenoid  pigments,  but  members  of  Urnuleae 
had  no  such  pigments.  According  to  the  chemical  structures 
of  the  carotenoid  pigments,  Arpin  (1968)  suggested  that  the 
special  pigments  in  the  Sarcoscypheae  were  derived  from 
carotene.  He  also  proposed  that  the  Urnuleae  were  derived 
from  Sclerotiniaceae  which  did  not  have  carotenoid  pigmente 
and  Sarcoscypheae  were  derived  from  inoperculate 
Dlscomycetes,  other  than  Sclerotiniaceae  and  Geoglossaceae, 
which  he  believed  were  the  ancestors  of  Pezirlneae.  Berthet 
(1964)  believed  that  phylogenetically  the  dark  colored 
species  should  be  considered  less  advanced  than  the 
colored  ones. 


Eckblad  (196B)  folloved  Le  Gal  {1947)  In  recognizing 
Sarcoscyphaceae,  except  to  include  Phaedropez la,  and 
provided  a Latin  diagnosis.  The  unique  characteristics  of 
this  Camiiy  stated  by  Eckblad  [1968]  Included:  the  cor)cy  or 
leathery  but  never  fleshy  apothecium,  the  gelatinous  matrix 
in  the  excipulum,  the  apical  thickening  of  the  aacus,  the 
oblique  operculura,  the  inequilateral  spores,  end  the 
reticulate  paraphyses,  Eckblad  (1968,  1972)  found  that  the 
suboperculate  ascl  did  have  thickened  apical  pads  and 
thickened  opercula,  but  there  was  no  apical  chamber  and 
apical  open  ring,  He  concluded  that  the  apical  chamber  and 
apical  open  ring  described  by  Le  Gal  (1946a,  1946b)  was  an 
artifact  of  fixation,  since  she  examined  only  dried  or 
pickled  materials.  Cckblad  did  not  include  the  apical  ring 
as  a feature  characterizing  this  family.  According  to  the 
color  and  type  of  tomentum,  Eckblad  (1968)  separated 
Sarcoscyphaceae  into  two  tribes  as  did  Le  Gal,  the 


Sarcoscypheae  and  the  Urnuleae,  to  comprise  eight  and  ten 
genera,  respectively.  Contrary  to  Le  Gal's  hypothesis 
(1947),  Eckblad  (1968)  not  only  considered  Sarcoscyphaceae 
advanced  but  also  suggested  that  the  suboperculates  and  the 
inoperculates  represented  parallel  evolution  (Eckblad,  1968, 
fig,  7S),  and  that  the  ancestor  of  Sarcoscyphaceae  may  be 
extinct.  He  later  concluded  that  there  was  no  phylogenetic 

because  of  the  apparent  lack  of  a common  ancestor  (Eckblad,  1972), 


RiCai  (1966]  considered  that  sarcoscyphaceae  (sensu  Le 
Gal)  had  sufficient  sets  of  features  to  be  different  from 
the  other  families  of  Pezizalea  and  raised  Sarcoscyphaceae 
to  a suborder.  Consequently,  Pezizales  were  split  into  two 
suborders,  Sarcoscyphlneae  and  Pezlzlneae.  A slnqle  family, 
Sarcoscyphaceae,  remained  under  sarcoscyphlneae,  whereas  two 
tribes,  Sarcoscypheae  and  Urnuleae,  were  differentiated 
based  on  differences  in  apothecial  pigmentation. 

The  possible  phylogenetic  relationships  of  Discomycetea 
suggested  by  Korf  (1966)  was  that  Che  operculates 
(Pezizales)  were  derived  from  Che  inoperculates  (Helotiales) 
through  Sarcoscyphaceae  (sensu  Le  Gal,  1947).  Subsequently, 
Korf  (1970)  proposed  that  Sarcoscyphaceae  be  divided  into 
two  families,  the  Sarcoscyphaceae  and  Sarcosomataceae, 
representing  the  tribes  Sarcoscypheae  and  Urnuleae, 
respectively.  The  Sarcosomataceae  had  been  proposed  earlier 
by  Kobayasi  (1937)  with  Latin  diagnosis  for  members  of 
Sarcoscyphaceae  (sensu  Le  Gal)  and  Che  type  genus  was 
Sarcosoma,  However,  this  earlier  name  was  ignored  by  both 
Le  Gal  and  Eckblad.  The  definition  was  amended  by  Korf 
(1970)  to  accommodate  the  members  in  the  Urnuleae.  In 
addition,  Korf  (1970)  recognized  two  tribes,  sarcosomateae 
and  Galielleae,  in  the  Sarcosomataceae  and  two  tribes, 
Sarcoscypheae  and  Boedi^nopezlzeae,  in  the  Sarcoscyphaceae. 
Sarcosomateae  differed  from  Galielleae  by  being  devoid  of 
cyanophilous  spore  markings.  Boedljnopezizeae  had  spores 


chat  natuce  simulCaneoualy  whereas  the  spores  of 
Sarcoscypheae  mature  successively.  Ptister  [1970)  studied 
the  staining  reaction  of  spore  markings  and  suggested  that 
there  was  probably  neither  calloae  nor  pectic  matrix  in  the 
spore  ornaments.  Rather  then  use  "callose-peccic"  as 
described  by  Le  Gal  (1946),  "cyanophilous"  was  used  (KoClaba 
and  Pousar,  1964)  to  describe  the  blue  staining  reaction  of 
the  spore  to  the  dyes.  Rorf  (1970)  was  also  the  first  one 
Chat  used  "cyanophobic"  and  "cyanophilous"  ornaments  of  Che 
ascospores  as  a character  in  distinguishing  tribes  in  both 
families . 

samuelson  (1979)  used  transmission  electron  microscopy 
to  study  opercula  of  Sarcoscyphlneae  in  order  to  clarify  the 
structure  of  subopercula,  and  to  determine  the  phylogenetic 
relationships  among  Discomycetes . Based  on  the  data 
obtained,  he  concluded  that  the  taxa  of  Sarcoscyphaceae  had 
eccentric  opercula  in  which  the  ascus  wall  was  composed  of 
an  electron*dense,  enlarged  inner  layer,  an  intermediate 
layer,  and  an  outer  layer.  On  the  contrary,  members  of 

wall  was  formed  by  an  electron-opaque,  non-dlstlnct  inner 
layer  and  an  outer  layer.  There  was  no  evidence  to  support 
the  evolution  of  the  suboperculates  from  Helotiaies. 
Furthermore,  he  suggested  that  the  suboperculum  was  similar 
to  that  of  the  true  operculates,  Samuelson  et  al.  (1989) 
discussed  the  direction  of  evolution  in  the  Sarcoscyphlneae 


and  su9gasted  that  this  group  may  be  the  final  step  in 
pezizalean  evolution  instead  of  being  intermediate  to  the 
operculates  and  inoperculates . 

Bruminelen  (1975{  studied  both  light  and  transmission 
electron  microscopic  features  of  the  ascus  wall  of 
Sarcoscvpha  coeclnea  (Scop,  per  S.  F.  Gray)  Lamb,  and 
revealed  that  the  ascus  wall  consisted  of  three  layers:  an 
outer  layer,  an  electron-transparent  middle  layer,  and  an 
electron-dense,  anisotropic  inner  layer.  By  examining 
living  and  fixed  materials,  Brummelen  (1975)  was  not  able  to 
find  the  apical  chamber  and  the  apical  open  ring  as 
described  by  Chadefaud  (1946)  and  Le  Gal  (1946b),  and  he 
disagreed  that  the  suboperculates  should  be  defined  by 
having  an  apical  open  ring. 

Another  ultrastructural  study  of  ascosporogenesls  of 
Pezlzales  was  done  by  Mer)tua  ( 1973,  1974,  1975,  1976). 

Based  upon  her  observations,  seven  types  of  secondary  wall 
development  of  ascospores  were  distinguished.  Among  the 
matetials  studied,  Sarcoscvpa  coccinea  and  Desmazierella 
acicola  Lib.  were  the  only  species  representing 
sarcoscyphaceae  and  Sarcosomataceae.  She  considered  them 
together  as  the  "Sarcoscvpha  coccinea  type,"  according  to 
her  ultrastructural  and  ascospore  development  data,  in  which 
the  secondary  wall  material  in  the  perisporic  sac 
disappeared  or  was  only  a thin  layer  left  after  the  spore 
matured  (Mer)cu8,  1976).  Donadini  et  al.  (19S9)  considered 


tftat  sarcoscvDha  and  Paeudoptthvella  were  similar  but  were 
two  different  genera  and  should  be  placed  in  the  sane 
family,  the  Sarcosomataceae,  based  on  the  ultrastructure  of 
the  ascus  and  ascospores.  Bellemere  et  al.  (1990) 
recognized  Urnula  helvelloides  Donadini  as  a new  genus. 

The  new  genua  along  with  Peeudoplectanla  was  placed  in  the 
Fseudoplectaniae,  a tribe  of  sarcosomataceae.  Galiella  was 
considered  neither  a member  of  the  Sarcoscyphaceae  nor  of 
the  Sarcosomataceae.  Melendez-Howell  et  al.  (1990) 
considered  that  Sarcoscvpha.  Plthva  and  Pseudoplthvella  were 
different  based  on  the  pattern  of  differentiation  of  the 

The  Sarcoscyphlneae  appear  to  be  different  from  other 
Pezizales.  in  general,  the  apothecia  are  leathery  or 
gelatinous  but  never  fleshy;  the  asci  have  eccentric 
opercula  and  aporhyngue  type  of  bases;  the  spores  are 
Inequilateral,  plurlnucleate,  and  some  have  cyanophoblc 
marhlngs  which  are  characteristics  only  to  this  group;  and 
the  paraphyses  anastomose.  With  those  unique  features,  the 
phylogenetic  relationship  of  sarcoscyphlneae  to  the  other 
Pezizales  becomes  problematic  and  thus  needs  to  be 
reevaluated . 

The  purpose  of  this  dissertation  is  to  study  spore 
ontogeny  and  septal  structures  of  the  Pezizales  in  order  to 
help  resolve  the  phylogenetic  relationships  among  the 


families  based  upon  ultrastructural  characteristics. 

Selected  genera  of  Sarcoscyphaceae  and  Sarcosomataceae  are 
investigated.  In  the  following  chapters  1 will  discuss: 
Spore  ontogeny  of  sarcoscvpha  species  (Chapter  II), 
PhllllDsla  and  Wvnnea  (Chapter  III),  Urnula  (Chapter  IV), 
plectanla  and  Pseudoplectanla  (Chapter  V),  Gallella  (Chapter 
VI],  the  septal  structures  of  Sarcoacyphlneae  (Chapter  VII), 
and  a general  suinmary  of  the  ultrastructure  of  spores  and 
septa,  and  their  impact  on  phylogeny  of  sarcoscyphlneae  in 


Pezisales  (Chapter  VIIl). 


CHAPTER  II 

SPORE  ONTOGENY  IN  SARC03CYPHA  SPECIES 
Introduction 

The  "scarlet  cup"  genus,  Sarcoscvpha,  Is  the  type 
genua  o£  Sarcoacyphaceae,  and  was  Initially  considered  to  be 
a tribe  of  Peziza  Pries  (1822),  Not  until  six  decades  later 
did  Saccardo  (1884)  raise  Sarcoscvpha  to  a subgenua. 

Boudler  (1885)  then  elevated  Sarcoscvpha  to  generic  level 
with  two  species,  the  type  species  (Sarcoacvoha  cocclnea 
(Jacg.  ! Gray)  Lamb.)  and  Sarcoacvpha  occidentalia  (Schw.) 
Sacc.  CooKe  (1892)  recognized  sarcoscvpha  as  having 
additional  species  and  even  included  different  genera 
currently  recognized  among  other  Pezizales.  Although  the 
genus  sarcoacvpha  is  recognized  by  moat  modern  authors; 
others  chose  to  use  Pleetania  (Seaver,  1928;  Kanouse,  1948; 
Nannfeldt,  1949;  Le  Gal,  1953;  Berthet,  1964). 

A number  of  studies  have  contributed  significantly  to 
our  understanding  of  the  genus  Sarcoscypha.  Chadefaud 
(1946)  and  le  Cal  (1946b)  studied  ascai  structures  In  S. 

apical  cushion,  an  apical  pad,  an  opercular  cap,  an  apical 
chamber,  an  apical  open  ring,  and  a hinge.  Le  Cel  (1946b) 
concluded  that  Sarcoscyphaceae  had  three  types  of  opercula. 


The  operculum  of  s.  cocclnea  belonged  to  Che  first  type  In 
her  categories.  This  type  of  ascal  wall  possessed  two 
layers,  the  outer  and  the  Inner  layers.  The  inner  layer 
eventually  enlarged  and  confined  the  apical  chamber 
terminally.  These  peculiar  ascal  structures  were  different 


suboperculate  type  (Le  Sal,  1946b). 
other  genera  with  suboperculate  asci 
the  family  Sarcoscyphaceae.  Her  stu 


r SarcoBcvpha  and 
e Gal  (1947)  proposed 
a brought  the 


suboperculate  group  to  the  attention  of  other  mycologists. 

Le  Gal  recognized  two  tribes,  those  brightly  colored  taxa  ir 
the  Sarcoscyphaceae,  and  those  darltly  colored  ones  In  the 
Urnuleae.  As  noted  in  Chapter  1,  these  tribes  have  been 
elevated  to  family  rank,  the  sarcoacypheae  to  the 
Sarcoscyphaceae  and  the  Urnuleae  to  Che  sarcoaomataceae. 

In  a study  of  apotheclal  pigments  of  Discomycetes , 

Arpin  (1968)  found  that  S.  cocclnea  contained  24%  to  90% 
carotene  and  a certain  amount  of  either  torulene  or 
plectaniaxanthlne.  Based  on  Arpin's  conclusions,  the 
SarcoBcypheae  possessed  carotenoid  pigments  in  contrast  to 
the  Urnuleae  which  were  devoid  of  carotenoid  pigments. 

BerChet  (1964)  revealed  that  Che  ascospores  of  S. 
cocclnea  were  binucleate  and  that  plurlnucleate  ascospores 
were  a common  feature  of  the  suboperculate  group. 

Eckblad  (1966)  and  Rifai  (1968)  both  studied 
Sarcoscvpha  spp.  morphologically  and  followed  Le  Gal's 


(194Sbl  example  in  placing  this  genus  in  the  Sarcoscypheae. 
Eckblad  11968),  who  did  not  find  the  apical  open  ring  that 
was  described  by  Chadelaud  (1946)  and  Le  sal  (1946a,  1946b), 
considered  the  apical  open  ring  to  be  an  artifact  of 
fixation. 

Another  morphological  study  of  Sarcoscvpha  spp.  was 
done  by  Harrington  |1990),  She  used  spore  measurements, 
spore  shape,  and  other  features  to  distinguish  three 
species,  s.  dudlevl  (Peck)  Baral,  S.  coccinea.  and  S. 
austriaca  (Bec)c  ex  Sacc.)  Boud.,  from  the  S.  coccinea 
complex. 

Brummeien  (1975)  studied  light  and  electron  microscopic 
features  of  the  S.  coccinea  ascal  wail  and  was  unable  to 
find  the  apical  open  ring.  Samuelson  (1975)  examined  the 
suboperculum  of  the  subopercuiates  with  electron  microscopy, 
including  S.  coccinea . and  also  came  to  the  same  conclusion. 

Herkus  (1976)  studied  the  ultrastructure  of  spores  in 
S.  coccinea  and  Desmasierella  aelcola  Lib.  and  found  that 
the  secondary  wall  material  accumulating  in  the  perisporic 
sac  eventually  disappeared.  The  preliminary  data  of 
ultrastructure  of  spore  development  of  S.  coccinea  showed 

ultraatructural  data  of  spore  ontogeny  of  the  other  families 
of  the  Pezlsales  showed  that  the  type  of  spore  development 
le  consistent  at  generic  or  familial  levels  (Dyby  and 
Kimbrough,  1967;  Gibson  and  Kimbrough,  1988a,  1988b; 


Kimbrough  and  Wu,  1990;  Wu,  1991;  Wu  and  Kimbrough,  1991, 
1992a,  1992b,  1993) . 

RiCal  (1968)  outlined  a number  of  featurea  of  the 
Sarcoscyphaceae  that  appeared  strikingly  different  from 
other  families  of  Perlralea.  He  felt  these  differences 
warranted  a separation  from  the  Petirales  and  proposed  a new 
suborder  Sarcoscyphlneae,  subsequent  to  his  work,  however, 
the  studies  of  Eckblad  (1968),  Brunmelen  (1975),  Samuelson 
(1975),  and  Samuelson  et  al.  (1980)  raised  series  questions 
as  to  Le  gal’s  (1946b)  interpretation  of  the  suboperculum 
and  to  the  inclusion  of  the  tribes  Urnuleae  and 
Sarcoscypheae  together  as  a suborder  (Rlfal,  1968).  Studies 
of  the  ultrastructure  of  spore  wall  development  In  members 
of  the  Sarcoscyphaceae  have  been  limited  (Her)tus,  1976; 
Donadini  et  al.,  1989;  Melendlz-Howell  et  al.,  1990).  An 
investigation  of  spore  ontogeny  in  the  Sarcoscyphaceae  may 
reveal  more  information  on  the  phylogenetic  relationships 
within  the  Sarcoscyphlneae  and  to  other  families  of  the 
Petlsales.  The  purpose  of  this  paper  is  to  describe  the 
ultrastructure  of  spore  ontogeny  In  s.  occldentalls ■ s. 
cocclnea.  and  S.  dudlevl . 


Materials  and  Methods 

Field  specimens  were  processed  for  transmission 
electron  microscope  study  following  the  procedures  described 
by  Curry  and  Kimbrough  (1983).  The  following  collections 
were  examined;  Sarcoscyoha  occidentalis  (Schw. ) Sacc.;  off 


Bullpan  Road.,  4-S  ml.  s.  E.  at  Highlands,  Macon  Co.,  North 
Carolina,  collected  by  J.  W.  Kimbrough,  on  August  4,  1967, 
(FUS  F5S272);  S.  coccinea  (Jacq.  : Fr.  J Lambotte;  on 
decaying  hardwood,  Matklns  Mill,  5 mi.  E.  of  Kearny,  Davies 
Co.,  Missouri,  collected  by  J.  W.  Kimbrough,  on  April  26, 
1992  (PLAS  FSSeva):  and  S.  dudlevl  (Peck)  Baral;  on  fallen 
twigs  of  chestnut  oak,  Mlllhopper  State  Park,  Gainesville, 
Alachua  Co.  Florida,  collected  by  Li-Tsu  Li  and  J.  w. 
Kimbrough,  on  January  22,  1993  (FLAS  F55997).  Ultrathln 
sections  were  obtained  on  an  LKB  Huxley  ultranlcrotome  with 
a diaiiLond  knife.  After  poetstalning  with  uranyl  acetate  and 
lead  citrate  for  30  and  10  minutes,  respectively.  The 
sections  were  examined  at  50  kv  on  a Hitachi  H-600  electron 
microscope. 

Early  Stage  of  Ascoaporoaeneals 

Early  ascosporogenesis  in  S.  occidentalla  starts  with  a 
large  diploid  nucleus  in  which  the  synaptonemal  complex  is 
attached  to  the  nuclear  membrane  in  the  ascus  (Fig.  2.1, 
arrows).  Meiosls  I then  occurs  and  two  nuclei  appear  (Fig. 
2.2).  Subsequent  meiosls  II  and  mitosis  will  result  in 
eight  haploid  nuclei.  During  meiosls,  the  ascal  plasma 
membrane  blebs  out  (Fig,  2.3)  and  Invaglnates  (Fig.  2.4)  to 
give  rise  to  the  spore  delimiting  membrane  (SOM).  7he  SDM, 
which  Is  composed  of  two  layers  of  double  unit  membranes 
(Fig.  2.6),  expands  and  starts  spore  delimitation.  Each 


hdplold  nucleus  is  encircled  by  the  undulating  SDM  (Pigs, 
2.5,  2.6].  The  same  process  of  ascosporogenesls  is  also 
found  In  S.  cocclnea  and  S.  dudlevl . In  s.  coccinea . an 
increase  of  space  between  the  SDM  and  ascal  wall  after  the 
spore  delimitation  la  observed  {Pig.  2.7). 

Primary  Wall  Formation 

Primary  wall  (PW)  deposition  in  S.  oeetdentalia  begins 
between  the  outer  and  inner  SDMs  and  the  primary  wall  is 
flexuous  at  a very  early  stage  (Fig.  2.8).  The  primary  wall 
thlclcena  along  with  the  increase  of  the  space  between  the 
outer  and  inner  SDMs,  and  appears  electron  translucent  most 
of  the  time  during  primary  wall  formation  (Figs.  2.9,  2.12, 
2.13,  2.17),  as  well  as  in  S.  dudlevl  (Figs.  2.18,  2.20). 

In  S.  cocclnea.  the  primary  wall  appears  slightly  darker 
(Pigs.  2.10,  2.11)  than  that  of  the  other  two  species  but 
bacoroas  translucent  later  (Fig.  2.15).  Although  the  process 
of  mitosis  Is  not  observed,  it  does  occur  In  the  spores. 
Ascoapores  of  S.  occldentalla  and  S.  coccinea  become 
binucleate  but  are  not  septate  at  the  ultrastructural  level 
(Figs.  2.9,  2.10).  Binucleate  spores  of  S.  dudlevl  are 
found  after  the  perisporic  sac  is  formed  (Figs.  2.18,  2.20). 
Formation  of  the  Perlsporic  Sac 

Perisporic  sac  (PS)  formation  in  S.  coccinea  starts  at 
several  points  around  the  spore  end  the  perisporic  sac  is 
electron  translucent  (Fig.  2.11).  The  outer  SDM  expands  to 
delimit  the  perisporic  sac  in  S 


I . occidentalis 


thickness  of  the  primary  wall  becomes  fairly  uniform  (Fig. 
2.12).  The  perlsporlc  sac  is  initially  restricted  to  the 
area  of  the  and  of  the  spore  (Fig.  2.13)  and  electron  dense 
granular  material  appears  as  soon  as  the  perlsporlc  sac  is 
formed  (Figs.  2.12,  2.13).  At  the  same  time,  electron  dense 
material  appears  on  the  inner  side  of  the  primary  wall  (Fig. 
2.14)  and  seems  to  spread  toward  the  outer  side  of  the 
primary  wall  (Fig.  2.16).  Later,  part  of  the  perlsporlc  sac 
in  S.  cocclnea  is  vacuolated  and  others  become  filled  with 
electron  dense  fibrillar  material  as  in  S-  occidentalls 
(Fig.  2.15) . 

uniformly  around  the  spore  (Fig.  2.18),  but  the  granularity 
is  different  from  the  inner  to  the  outer  area  (Figs.  2.18, 
2.18,  2.20).  The  inner  area  of  the  perlsporlc  sac  is  filled 
with  electron  dense  homogeneous  granular  material  but  with 
some  small  electron  translucent  spots  (Figs.  2.L8,  2.20, 
arrow) . with  higher  magnification,  the  outer  area  appears 
reticulata  (Fig.  2.19).  The  perlsporlc  sac  expands  more  in 
S.  dudlevi  (Pig.  2.20)  than  in  S.  cocclnea  (Fig.  2.11)  and 
S.  occidentalls  (Pig.  2.13). 

Differentiation  of  Epiapore  Lavers 

After  periaporic  sac  formation,  some  electron  opaque 
bodies  (OB)  appear  in  the  perlsporlc  sac  of  S.  occidentalls 
and  adhere  on  the  primary  wall  (Fig.  2.16).  These  electron 
opaque  bodies  seem  to  spread  out  on  the  primary  wail  and 


contribute 


formation  of  radial  fibrillar  eplspore 


precursors  (EPP)  (Fig.  2.17).  The  eplspore  precursors  of  s. 
dudlevi  are  similar  to  those  of  S.  occldentalls  (data  not 
shown}.  In  S.  cocclnea,  the  electron  dense  granular 
material  In  the  perisporlc  sac  loses  moat  of  its  density, 
but  the  radial  fibrillar  eplspore  precursors  become  more 
dense  (Fig.  2,21) . 

The  perisporlc  sac  of  S.  occldentalls  further  dilates, 
more  electron  dense  material  accumulates  (Fig.  2.22),  and 
the  eplspore  (EP)  appears  to  Increase  In  density  (Figs. 

2.22,  2.24,  2.25).  The  density  of  granules  In  the 
perisporlc  sac  decreases  (Figs.  2.24,  2.25)  as  well  as  the 
volume  of  the  perisporlc  sac  (Fig.  2.24).  Electron  dense 
material  appears  not  only  to  add  to  the  eplspore,  forming 
the  first  layer  of  the  eplspore,  but  also  to  spread  Into  the 
primary  wall  (Fig.  2.25).  The  eplspore  layer  later  appears 
thicker  and  more  fibrillar  (Fig.  2.33).  Eplspore  formation 
in  S.  cocclnea  Is  similar  to  that  of  s.  occldentalls. 

The  eplspore  precursors  of  s.  dudlevi  further 
differentiate  into  the  first  layer  of  eplspore  and  an 
occasional  dense  granular  body  (GB)  appears  in  the 
perisporlc  sac  (Fig.  2.23,  arrow).  A very  thin  electron 
dense  layer  appears  above  the  first  eplspore  layer  (Figs, 

2.23,  2.26).  Slightly  opaque  bodies  in  the  eplplasm  seem  to 
penetrate  the  perisporlc  sac  (Fig.  2.26).  Electron  dense 
material  accumulates  to  form  more  dense  bodies  In  the 


stage,  larger 


perisporlc  sac  (Fig.  2.17).  At  the  same 
electron  translucent  bodies  (TB)  appear  occasionally  in  tne 
perispocic  sac  (Pig.  2.29).  These  large  bodies  later  spread 
over  the  first  layer  of  the  epispore  and  the  thin  electron 
dense  layer  thichens  considerably  (Fig.  2.29).  The  outer 
layer  of  the  prlnary  wall  also  appears  darker  (Fig.  2,29), 
The  fully  differentiated  epispore  possesses  five  layers,  two 
lightly  stained  layers  sandwiched  between  three  darker 
layers  (Figs.  2.30,  2.31,  2.32). 

Secondary  Wall  Formation 

By  the  time  the  epispore  of  S.  dudlevl  is  fully 
differentiated,  there  is  uneven  staining  reaction  in  the 
secondary  wall  material  (Fig.  2.30).  The  different  staining 
reactions  in  the  perisporlc  sac  are  not  evident  later,  and 
the  secondary  wall  material  becomes  uniform  in  granularity 
and  density  along  with  the  maturation  of  the  epispore  layers 
(Figs.  2.31,  2.32).  As  the  spore  matures,  the  outer  region 
of  the  perisporlc  sac  becomes  vacuolate  (Fig.  2.32)  and  the 

The  perisporlc  sac  of  S.  occldentalls  starts 
degenerating  before  the  epispore  is  differentiated  (Fig. 
2.33),  Very  little  secondary  wall  material  is  left  on  the 
differentiating  epispore  (Fig,  2.34),  The  fully 
differentiated  epispore  is  composed  of  five  layers,  similar 
to  those  of  S.  dudlevl,  the  two  light  and  three  dark  layers, 
and  some  secondary  wall  material  remaining  on  the  epispore 


(Pig.  2.35).  Traces  of  the  collapsed  peclsporlc  sac  are 
left  on  one  end  of  the  spore  (Fig.  2.36).  The  lipid  bodies 
located  at  both  poles  of  the  spore  in  the  sporopiasia  are 

completely  mature  spore  in  which  the  perlsporic  sac  is 
totally  disintegrated  (Fig.  2.37). 

Mature  Spore  Wall 

Mature  spore  walls  of  s.  occidentalls  and  S.  cocclnea 
are  undulating  (Figs.  2,37,  2.38),  and  the  epispores  exposed 
(Fig.  2.38).  The  mature  spore  wall  of  S.  dudlevl.  in 
contrast,  is  smooth  and  has  a secondary  wall  layer  outside 
of  the  eplspore  (Fig.  2.39), 

Discussion 

All  three  species  of  Sarcoscvpha  have  the  sane  process 
of  spore  delimitation  and  early  primary  wall  deposition. 

This  is  typical  of  the  other  Euascomycetes  (Beckett,  1973), 
and  was  clearly  demonstrated  in  Ascodesmis  nigricans  van 
Tiegh  with  freeze  substitution  technique  (Mims  et  al,, 

1990).  After  the  primary  wall  reaches  a certain  thickness, 
however,  s.  occidentalls , S.  cocclnea  and  S.  dudlevl  display 
different  types  of  spore  wall  formation,  compared  with  the 
volume  of  the  perlsporic  sac,  S.  dudlevl  has  the  largest 
perlsporic  sac  and  the  most  dense  material  within  it.  The 
perlsporic  sac  of  S,  cocclnea  does  not  expand  as  large  as  in 
S.  dudlevl  and  its  content  is  very  light  in  density  with  few 
granules.  S.  occidentalls  possesses  the  most  limited 


31 

expansion  of  the  perlsporlc  sac  which  is  cestrlcteci  to  both 
ends  of  the  spore.  However,  the  density  of  the  periplasiD 
appears  to  be  interinediate  between  those  of  S.  cocclnea  and 

In  S.  occidentalis.  sotne  electron  opaque  bodies  appear 
in  the  perlsporic  sac  and  later  precipitate  on  the  primary 
wall  to  form  the  radial  fibrillar  epispore  precursors.  A 
similar  phenomenon  was  also  found  in  Piscina  ( Helvellaceae) 
(Kimbrough  and  Hu,  1990),  and  Mvcolachnea  (Otideaceae)  (Hu 
and  Kimbrough,  1992a)  in  which  the  dense  bodies  are  much 
darker  than  those  of  the  S.  occidentalis . In  Ascobolus 
(Ascobolaceaej  (Wu  and  Kimbrough,  1992b),  larger  electron 
opaque  bodies  were  found  diffusing  on  the  primary  wall. 

In  the  perlsporlc  sac  of  s.  cocclnea.  only  electron 
dense  granules  appear  without  the  appearance  of  electron 
dense  bodies.  The  granular  material  seems  to  precipitate 
directly  onto  the  primary  wall  to  form  epispore  precursors. 
This  type  of  epispore  precursor  formation  Is  seen  in  Peziza 
(Pezisaceae)  (Dyby  and  Kimbrough,  19B7),  Gvroroltra  (Gibson 
and  Kimbrough,  1988b),  and  Helvella  (Helvellaceae)  (Gibson 
and  Kimbrough,  1988a). 

Sarcoscvpha  dudlevi  has  the  most  complicated  type  of 
spore  wall  formation  of  the  three  Sarcoscvpha  species. 

Before  the  epispore  Is  formed,  the  periplasm  has  regions  of 
different  electron  density  with  scattered  granular  bodies. 
Similar  epispore  formation  was  found  in  Chellvmenla  and 


Scutelllnla  (Otideaeeae) 


(Wu  and  Klmbiough,  1991),  The 
large  translucent  bodies  in  the  perlaporic  sac  were  seen  in 
this  study  previously  reported  in  A1 euria  (Otideaeeae)  (Hu 
and  Ktnbrough,  1991). 

Alter  eplspore  precursors  are  tanned,  secondary  wail 
material  continuously  accumulated  In  the  perlsporlc  sac  of 
both  S.  occldentallB  and  S.  eocclnea  and  is  similar  to  that 
found  In  species  of  Peziza  (Dyby  and  Kimbrough,  1987), 
Gvromltra  eseulenta  (Gibson  and  Kimbrough,  1988b)  and 
Helvella  (Gibson  and  Kimbrough,  1988a) . In  contrast,  S. 
dudlevi  Initially  has  an  accumulation  of  secondary  wall 
material  with  variable  electron  density.  That  la  similar  to 
what  was  found  in  Cheilvmenla  (Wu  and  Kimbrough,  1991), 
although  Cheilvmenla  presents  a mosaic  pattern  of  granules 
that  is  different  from  the  more  discrete  pattern  In  S. 
dudlevi . Later,  secondary  wall  material  in  the  perlsporlc 
sac  becomes  uniform  in  density  in  all  three  species  of 
Sarcosevpha . However,  the  secondary  wall  material  of  3. 
dudlevi  gives  a stronger  staining  reaction. 

In  the  last  atep  of  secondary  wall  formation,  S. 
occidental Is  and  S.  eocclnea  are  similar  in  that  the 
eplspore  is  exposed.  However,  in  S.  dudlevi  some  secondary 
wall  material  is  deposited  smoothly  on  the  outside  of  the 
eplspore.  Both  types  of  mature  spore  wall  were  found 
commonly  in  the  other  Pezlzales  (Herltus,  1974,  1975,  1976; 


Kimbrough,  1993). 


process  o£ 


deposition, 


secondary  wall  seems  to  be  built  up  by  osmlophillc  material 
In  the  perlsporlc  sac.  of  the  three  species,  s.  dudlevl  Is 
Che  only  species  that  has  a secondary  wall.  It  also  has  the 
largest  volume  of  perlsporlc  sac  and  the  material  In  the 
perlsporlc  sac  Is  the  most  osmlophillc.  These  characters 
seem  to  be  related  to  the  smount  of  the  secondary  wall  that 
is  eventually  deposited  on  the  spore  wall.  The  perlsporlc 
sac  In  s.  occldentallB  and  S.  cocclnea  contains  only  a lew 
electron  dense  granules  even  though  the  perlsporlc  sac  of  S. 
cocclnea  is  much  larger.  This  indicates  that  there  is  not 
much  secondary  wall  material  in  the  perlsporlc  sac  and  as  a 
result  a lack  of  secondary  wall  in  the  mature  spore. 

The  three  SarcoBCVPha  species  studied  revealed 


different  types  of  spore  wall  ontogeny.  These 
ultrastructural  data  support  the  morphological  data 
(Harrington,  1990)  that  the  S.  cocclnea  complex  should  be 
separated  into  different  epecles.  Ascosporogenesis  in  S. 
cocclnea  is  almost  identical  to  that  of  Pezltaceae  and 
Helvellaceae  except  devoid  of  a secondary  wall  layer.  Early 
spore  wall  formation  In  S.  oecldentalls  Is  similar  to  some 
of  the  Otldeaceae  and  the  later  stage  is  similar  to 
Pezlzaceae  and  Helvellaceae  ae  well  as  S.  dudlevl. 

Different  species  In  the  same  genua  may  have  different  types 
of  spore  wall  formation.  Markus  (1974,  1975,  1976)  also 


Helvellaceae  h 
These  data  nay 
intermediate  b 


found  this  in  species  ot  Trlchophaea.  Lasiobolus.  and 

Although  ascoaporogenesis  can  be  different  at  the 
species  level,  Sarcoscvpha  species  appear  to  have  various 
phases  of  spore  ontogeny  that  are  similar  tc  that  of 
Otldeaceae,  Pezlzaceae  and  Helvellaceae . This  may  indicate 
that  Sarcosevpha  species  are  phylogenetlcally  related  to 
them.  Furthermore,  Wu  (1991)  suggested  that  Pezlzaceae  and 
me  type  of  spore  wall  formation, 
w that  Sarcoscvpha  may  be 
e Otldeaceae  and  the  Helvellaceae. 

As  far  as  the  spore  wall  ontogeny  studied,  many  types 
of  spore  wall  formation  are  found  in  the  Pezizales.  A genus 
that  has  both  smooth  and  ornamented  spores  can  result  in 
different  types  of  spore  well  formation,  especially 
secondary  wall  deposition  (Herkus,  1974,  1975,  1976). 
Therefore,  the  spore  wall  ontogeny  can  vary  from  species  to 
species.  The  data  presented  in  this  paper  even  show  that  a 
genus  with  only  smooth  spored  species  can  have  different 
types  of  spore  wall  ontogeny.  Since  ornaments  of  a spore 
originated  from  the  secondary  wall  may  merely  be  the  results 
of  ecological  adaptation,  spore  wall  ontogeny  may  not  be 
useful  In  studying  the  phylogenetic  relationships  In  the 


Pezizales . 


rig.  2.28 


CHAPTER  III 

SPORE  ONTOGENY  OP  PHlLLlPStA  ANO  WYNHEA 
Introduction 

The  genuB  Phillips  la  was  first  described  by  Berkeley 
{1881}  to  Include  als  species  of  brightly  colored  operculate 
Dlscomycetaa,  Seaver  (1928)  provided  a key  and  descriptions 
for  four  species,  including  P.  domlnoensls  (Berk.)  Berk. 

The  most  extensive  studies  of  Phniipsla  were  done,  however, 
by  Le  Gal  (1946b,  1947,  1953).  Le  Gal  (1946b)  examined  the 
operculum  of  several  Dlscomycetes,  including  Phillipsia 
domlnoensls , the  type  species  of  the  genus,  and  was  the 
first  to  determine  that  it  had  suboperculate  ascl. 

According  to  Le  Gal's  (1946b)  observations  on  the  detailed 
structures  of  the  operculum,  the  suboperculate  group  had 
three  different  types  of  opercula.  The  operculum  of  P. 
donlngensis  belonged  to  the  second  group  in  which  the  apical 
chamber  was  delimited  between  the  inner  and  outer  layers  of 
the  ascal  wall  and  was  obliquely  located.  One  year  later, 

Le  Gal  (1947)  proposed  the  Sarcoscyphaceae  to  Include  the 
suboperculate  group  and  two  tribes,  the  Sarcoscypheae  with 
bright  colored  apothecla  and  the  Urnuleao  with  dark  colored 
apothecla.  She  observed  that  Phillipsia  and  Wvnnea  Berk.  & 
Curt,  both  had  non-callose-pectic  longitudinal  ridges  on 
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the  spores.  Phlllipsla  species  were  considered  In  the  tribe 
Sarcoecypheae  because  of  the  bright  colored  apotheclum  and 
hymenium  {Le  Gal,  1953).  Her  taxonomic  scheme  was  adopted 
by  a number  of  subsequent  authors  (Arpln,  1968;  Rifai,  1968: 
Eckblad,  1968;  Denison,  1969:  Korf,  1973). 

In  Berthet'a  (1964)  cytological  study  of  Diacomycetes, 
P.  dominqensis  was  found  to  have  eight  to  twelve  nuclei  in 
each  ascospore.  The  multlnucleate  spore  is  now  considered 

A thorough  examination  of  carotenoid  pigment  contents 
of  Discomycetes  was  done  by  Arpln  (1968),  who  examined  three 
species  of  Phlllipsla.  P,  carminea  (Pat.)  Le  Gal,  P, 
subpurpurea  Berk,  et  Br.,  and  p,  carnicolor  Le  Gal  all 
possessed  more  than  70S  of  phllllpsiaxanthlne,  a more 
elaborate  carotenoid  pigment  derived  from  ^-carotene. 

Rifai  (1968)  recognised  three  series  within  Phllllpaia. 
The  first,  represented  by  P.  doml noenslB  and  P.  subpurpurea . 
had  large  apothecia  with  a well  developed  medullary 
exclpulum.  The  second,  P.  minor  (Walcef.)  Rifai,  had  small 
apothecia  with  a thin  medullary  excipuium.  The  last, 
characterized  by  P.  umbilicata  (Penz.  fr  sacc.)  Boedljn,  had 
apothecia  like  P.  minor,  but  the  ascus  did  not  have  a 
flexuoua,  narrow  and  hypha-llke  base.  Rifai  (1966) 
suggested  that  the  third  series  was  quite  different  from  the 
other  two  and  proposed  a new  genus,  Aurophora  Rifai,  to 
accommodate  species  of  Phlllipsla  which  had  fan-shaped 


apothecla  and  a gelatinous  matrix  in  the  medullary  layer. 
Based  on  morphological,  cytologlcal,  and  biochemical  data, 
Rlfal  (1968]  elevated  the  Sarcoscyphaceae  to  subordinal 
rank,  the  sarcoscyphlneae. 

KorC  (1970)  later  separated  Sarcoscyphlneae  into  two 
Camilles,  the  Sarcoscyphaceae  and  the  Sarcosomataceae  to 
accommodate  the  Sareoscypheae  and  the  Urnuleae, 
respectively.  Philllpsla  was  placed  in  the  Sarcoscyphaceae 
tribe  Sareoscypheae  in  which  the  spores  mature  successively. 

The  first  ultrastructural  study  of  Philllpsla  was  done 
by  samuelson  (1975)  who  examined  the  operculum  of  P. 
dominoensls  ahd  found  the  operculum  to  be  eccentric  like 
that  in  sareosevpha  and  Wvnnea.  Benny  and  samuelson  (1980) 
found  that  the  septal  pere  of  P.  dominoensis  vegetative 
hyphae  was  similar  to  that  of  the  other  Ascomycetes  which 
were  plugged  by  Horonln  bodiea. 

Wvnnea,  erected  by  Berkeley  and  Curtis  (Berkeley, 

1867),  has  rabbit  ear-llke,  fasciculate  apothecla  and  non- 
callose-pectlc  (cyanophoblc)  longitudinal  spore  markings. 

Two  species,  Wvnnea  macrotls  (Berk.)  Berk,  and  Wvnnea 
qlaantea  Berk,  6 Curt,  (the  type  species),  were  Included. 
Thaxter  ( 1905)  described  a third  species,  H.  amaT-i ...ana 
Thaxter,  In  which  hypogeous  sclerotls  gave  rise  to 
apothecla.  Later,  Le  Gal  (1946b)  studied  the  operculum  of 
Wvnnea  amerlcana  along  with  other  Sarcoacyphaceae,  and  flrat 
recognized  it  as  a member  of  the  suboperculate  group.  Le 


Gal  (194€b)  described  W.  aaericana  with  an  operculum  in 
which  the  terminal  apical  chamber  was  in  the  inner  layer  of 

The  taxonomy  of  Wvnnea  had  been  problematic  because  of 
the  apotheciai  color.  Korf  (1949)  first  mentioned  that  the 
fresh  young  apothecium  and  hymenium  of  this  fungus  were 
pinkish  and  turned  quite  dark  when  they  aged.  Korf's 
description  was  overlooked,  apparently,  because  Eckblad 
(1968),  Rifai  (1968)  and  Denison  (1969)  placed  Wynnes  in  the 
sarcoscyphaceae  (aensu  Le  Gal)  tribe,  Urnuieae,  because  of 
its  dark-colored  apothecium  and  hymenium.  Korf  later  (1970) 
included  Wvnnea  in  the  Sarcoscyphaceae  (^Sarcoscypheae) 
instead  of  the  Sarcosomataceae  (■Urnuieae)  based  upon  the 
bright  color  of  fresh  young  apothecia.  In  the  monograph  of 
Wvnnea ■ Ptlster  ( 1979)  agreed  with  Korfs  treatment  of  this 
genua  and  mentioned  that  Wvnnea  was  the  only  genus  found  in 
sarcoscyphaceae  which  was  not  associated  with  woody  plants 

The  non-calloae-pBctlc  spore  markings  of  both 
Phllllpsia  and  Wvnnea  are  one  of  the  unique  features  of  most 
Sarcoscyphaceae.  Rather  than  use  "callose-pectic"  as 
described  by  Le  Gal  (1946b,  1947,  1953),  "cyanophilous”  is 
used  to  express  the  blue  staining  reaction  of  the  spore 
markings  (Kotlabs  and  Fouzar,  I964i  Korf,  1970), 

Furthermore,  it  was  proven  by  Pflster  (1970)  that  there  was 
neither  callose  nor  pectin  In  fungi.  Korf  (1970)  used 


character  to  distinguleh  tribes  of  both  Sarcoscyphaceae  and 
SarcoBomataceae. 


Despite  the  lack  of  cytochemical  data  on  carotenoid 
pigments,  Wynnea  has  been  shifted  between  the 
Sarcoscyphaceae  and  the  Sarcosomataceae.  The  cyanophobic 
spore  ornaments  seem  to  play  an  important  role  in 
determining  the  relationship  of  Wvnnea  to  the  proper  family 
(Sarcoscyphaceae)  and  to  the  genus  Phllllpsla.  The  purpose 
of  this  paper  is  to  describe  the  ultrastructure  of  ascospore 
ontogeny  in  both  Phillipsia  and  Wvnnea  and  to  provide 
information  that  can  reveal  phylogenetic  relationships  of 
Phillipsia  and  Wvnnea  to  families  of  Sarcoscyphaceae  and 
Sarcosomataceae  and  to  the  other  families  In  the  Pezizales. 

Materials  and  Methods 


Field  specimens  were  processed  for  transmission 
electron  microscope  study  following  the  procedures  described 
by  Curry  and  Kimbrough  (1983).  The  following  collections 
were  examinedi  Phillipsia  domlnoensis  (Berk.)  Berk.;  S.  w. 
20‘“  Avenue,  near  1-73,  Gainesville,  Alachua  Co.,  Florida, 
on  September  16  19B3,  (FLAS  F53645);  Wvnnea  americana 
Thaxter;  (unaccessioned).  Boll  Creek  Road,  Hydrology 
Research  area,  Coweeta,  Macon  Co.,  North  Carolina,  on  August 
14  1987,  (FLAS  F55286),  on  August  14  1992,  (FLAS  F55994). 
Ultrathln  sections  were  obtained  on  an  LKS  Huxley 


ultramicrotome  w 


r poststaining 


diamond 


respectively,  the  sections  were  exanined  at  SO  kv  on  a 
Phillipsia  doningena is 

The  early  stage  In  the  formation  of  spore  delimiting 
membrane  (SDM)  was  not  observed  in  P.  domingensls . The 
earliest  stage  examined  was  the  delimitation  of  young 
haploid  uninucleate  (N)  ascospores  with  unevenly  thick, 
flexuous  and  electron  translucent  primary  wall  (PW)  formed 

epiplasm  {EPHJ  in  the  young  ascus  seems  to  condense,  becomes 
electron  dense  and  highly  vacuolate,  and  some  of  It  tightly 
surrounds  the  primary  wall  (Fig.  3.1), 

Mitosis  occurs  In  the  ascospore  after  primary  wall 
deposition  begins  and  results  Initially  in  a blnucleate 
spore  [Fig.  3.2}.  The  epiplasm  around  the  ascal  wall  at 
this  tine  appears  less  dense,  more  vacuolate,  and  electron 
opaque  bodies  (OB)  adhere  on  the  primary  wall  leaving  the 
other  areas  of  the  ascus  electron  translucent  (Fig.  3.2). 
Subsequent  primary  wall  deposition  results  as  opaque  bodies 
left  by  the  vacuolate  epiplasm,  which  appear  to  be  trapped 
between  the  two-layered  outer  SDH  of  adjacent  spores  (Pigs. 
3.3,  3.4,  3.S).  The  perisporic  sac  (PS)  at  this  stage  has 
only  enough  space  for  opaque  bodies.  The  primary  wall 
expands  locally  with  some  dense  granules  inside  (Fig.  3.3, 


arrow) . wore  opaque  bodies  produced  In  tfte  eplplasm  seem  to 
penetrate  into  the  perlsporlc  sac  and  are  accompanied  by 
further  eiongation  and  increase  in  electron  dense  granuies 
of  the  primary  wail  (Pig.  3.4). 


With  the  disappearance  of  eiectron  dense  granules,  the 
primary  wall  becomes  electron  translucent  and  increases  in 
thickness  (Fig.  3.5).  More  electron  opague  bodies  appear  to 
be  trapped  (Fig.  3.5)  and  pass  the  outer  SOM  to  reach  the 
primary  wali  (Fig.  3.6,  arrow).  During  primary  wall 
deposition,  the  sporoplasma  membrane  becomes  very  undulate 
(Figs.  3.3,  3.4,  3.6,  3.7)  and  sometimes  forms  an  elongated 
sac  protruding  deeper  into  the  sporoplasm  (Fig.  3.6). 
Adherence  of  the  opaque  bodies  to  the  primary  wall  seems  to 
add  much  more  wall  material  and  to  Increase  the  amount  of 
electron  dense  granules  in  the  primary  wali  (Fig.  3.7). 

In  addition  to  eiectron  opaque  bodies,  less  dense 
vesicles  also  appear  and  attach  to  the  primary  wall  (Fig. 
3.8,  arrow).  Another  electron  dense  globular  matrix  (DM)  is 
attached  from  the  apiplasm  to  the  primary  wall  (Fig.  3.9). 

A similar  electron  dense  matrix  later  accumulates  inside  the 
primary  wall  (Fig.  3.10).  Subsequent  mitosis  occurs  during 
primary  wall  formation  and  several  nuclei  may  be  observed  in 
thin  section  (Fig.  3.11).  At  the  same  time,  the  primary 


wall  becomes  electron  dense  (Fig.  3.11).  With  higher 
magnification,  the  primary  wall  actually  has  different 
staining  reactions  in  which  the  inner  layer  is  electron 


translucent  and  the  outer  layer  electron  dense  and  granular 
(Fig.  3.12). 

In  tangential  section,  an  ascospore  appears 
Inequilateral  with  a large  lipid  body  (L)  occupying  most  of 
the  volume  (Fig.  3.13).  The  longitudinal  ridges  appear  as 
protrusions  originated  from  primary  wall  material  (Figs. 
3.13,  3.14,  3.16).  Sonation  of  the  primary  wall  becomes 
more  apparent  at  this  stage.  The  inner  electron  translucent 
zone  expands  considerably  and  the  outer  dense  zone  is  darker 
and  becomes  homogeneous  (Figs.  3.13  - 3.16). 

The  perisporic  sac  becomes  more  obvious  and  is  filled 
with  secondary  wall  material  when  the  epispore  is  formed 
(Fig.  3.14).  Epispore  precursors  were  not  observed.  The 
fully  differentiated  epispore  (EP)  is  composed  of  two  thin 
dar)t  layers  and  one  light  intermediate  layer  (Figs.  3.14, 
3.16).  The  perisporic  sac  degenerates  when  the  spore 

epispore  (EP)  (Fig.  3.15,  3.16).  Mature  spore  ornaments  are 
formed  by  the  dense  zone  of  the  primary  wall  and  the  spore 
is  encircled  by  the  epispore  (Fig.  3.16). 

Wynnes  americana 

Early  stages  of  ascosporogenesls  were  not  observed. 
After  spore  delimitation  and  early  primary  wall  (PW) 
deposition,  radial  electron  dense  epispore  precursors  (EPP) 
with  an  occasional  dense  body  (DB)  appear  on  the  electron 
translucent  primary  wall,  and  Che  perisporic  sac  (PS)  1s 


filled  with  loose  electron  dense  fibrils  (Fig.  3.17).  The 
dense  bodies,  aa  well  as  the  fibrils  in  the  perisporic  sac, 
disappear  and  the  amount  of  epispore  precursors  increases 
slightly  (Pig.  3.18).  At  the  sane  time,  some  short  electron 
dense  bands  appear  on  the  outer  spore  delimiting  membrane 
(SDM)  (Pigs.  3.10,  3.23). 

Mitosis  occurs  in  the  young  ascospore  and  as  a result 
several  nuclei  (N)  with  large  condensed  chromatin  bodies  are 
found  in  the  section  (Fig.  3.19).  The  eplplasm  (EPM)  in  the 
ascus  is  translucent  with  only  a small  amount  of  granular 
material  (Figs.  3.19,  3.22,  3.26).  Later,  some  dense  spots 
appear  in  the  primary  wall  (Fig.  3.20).  Higher 
magnification  of  the  section  reveals  that  the  dense  spots 
are  the  extension  of  the  sporoplasma  membrane  from  the 
sporoplasm  into  the  primary  wall  (Fig.  3.21,  arrow). 

Further  expansion  of  the  perisporic  sac  (Fig.  3.22)  is 
accompanied  with  more  accumulation  of  the  radial  epispore 
precursors  and  with  dense  material  that  spreads  into  the 
primary  wall  (Fig.  3.23).  A considerably  expanded 
perisporic  sac  is  filled  with  electron  dense  fibrils,  and 
numerous  dense  globular  bodies  (GB)  adhere  to  the  edge  (Fig. 
3.24).  Afterwards,  the  dense  fibrils  in  the  perisporic  sac 
become  periclinal  and  the  epispore  precursors  are  composed 
of  both  radial  and  periclinal  fibrils  (Fig.  3.25). 

Small  protrusions  originating  from  the  translucent 
primary  wall  are  formed  on  the  spore  wall  (Figs.  3.26,  3.27) 


and  organelles  in  t 
stage  (Fig.  3-26). 


aporoplasm  are  clearly  seen  at  this 
le  periplasm  remains  reticulate  in  some 
I appears  In  the  primary  wall  next  to 

occupy  most  of  the 
appears  electron 


the  epispore  (Fig.  3.27),  When  the  i 
bodies  (L)  inside  become  much  larger 
aporoplasm  (Fig.  3.26],  The  primary 
opaque  and  thic)cens  unevenly  with  enlargement  of  the  smal] 
protrusions  (Fig.  3.26,  arrow),  Enlargement  of  the 
protrusions,  representing  the  longitudinal  ridges  of  the 
spore  is  more  prominent  on  the  end  of  the  spore.  The 
perlsporic  sac  disintegrates  simultaneously  (Fig.  3.29). 
The  spore  becomes  more  osmiophlllc  during  maturation  (Fig. 
3.30).  The  primary  wall  of  mature  spores  la  translucent  ii 


epispore  (EP)  is  exposed  without  any  secondary  wall  layer 
(Fig.  3.31) . 


Many  Sarcoscyphaceae  have  more  or  lesa  synchronous 
spore  development  and  will  not  form  apothecla  In  culture. 
Therefore,  since  only  field  material  was  available  only 
limited  stages  were  fixed  for  TEH.  The  origin  of  primary 
wail  material  has  been  discussed  by  other  authora.  Mer)cu8 
(1976)  mentioned  that  the  sporoplasma  membrane  resulting 
from  the  Inner  spore  delimiting  membrane  might  play  a role 
in  primary  wail  development,  and  that  the  outer  spore 
delimiting  membrane  might  be  involved  in  both  primary  and 


secondary  wall  formation.  Although  the  sources  of  wall 
material  were  not  directly  suggested  by  Merkus,  she  seemed 
to  indicate  that  the  primary  wall  material  was  derived  from 
the  sporoplasn  and  epiplasm,  whereas  the  secondary  wall 
material  was  from  the  epiplasm.  similar  implications  were 
also  made  by  Beckett  (1961).  However,  without  definitive 
stains  or  Immunocytochemlcal  techniques,  it  will  be 
difficult  to  determine  the  source  or  sources  of  wall 
compounds.  Through  the  analysis  of  electron  micrographs, 
the  staining  property  and  physical  nature  of  wall  materials 
enable  one  to  speculate  the  origin  of  various  wall  material. 

In  the  ultrastructural  study  of  Helvella . Gibson  and 
Kimbrough  (1986a)  suggested  that  primary  wall  material  was 
possibly  derived  from  both  the  epiplasm  and  sporoplasm 
although  there  was  no  evidence  to  support  this.  Kimbrough 
and  Wu  (1990)  studied  Piscina  and  suggested  that  the  primary 
wall  was  synthesized  in  the  sporoplasm  because  of  the 
existence  of  numerous  mitochondria,  vesicles,  and  dense 
cytoplasm.  A series  of  data  from  other  genera  of  Pezlzalee, 
Including  spcroplasmlc  vesicles  found  in  Tarzetta, 
TrlchoBhaea  (Wu,  1991),  and  Ascobolous  (Wu  and  Kimbrough, 
1992b) , and  apcroplasma  membrane-associated  dense  bodies 
found  in  Mvcolachnea  (Wu  and  Kimbrough,  1992a),  Indicated 
that  the  sporoplasm  may  contribute  to  primary  wall 


formation . 


Primary  wall  formation  of  P.  dominoensis  is  much  more 
compilcated  than  any  other  Pesizales  that  have  been  studied. 
The  undulated  aporoplasina  membrane  and  elongated  sac 
protruding  to  the  sporoplasm  indicate  that  the  sporoplasm 
may  be  one  of  the  sources  of  primary  wall  material.  Based 
upon  observations  of  other  genera  (Chapter  II,  Chapter  IV, 
Chapter  V,  chapter  VI),  the  electron  opaque  bodies  and  the 
electron  dense  globular  matrix  very  possibly  originate  from 
the  epiplasm  and  are  later  deposited  upon  the  primary  wall. 
The  electron  dense  bodies,  because  of  their  staining 
property,  may  be  the  major  component  of  the  dense  zone  of 
the  primary  wall.  The  vesicles  that  attach  to  the  primary 
wall  may  also  carry  some  electron  translucent  material  from 
the  epiplasm  to  contribute  to  the  translucent  zone  of  the 
primary  wall.  The  ultrastructurai  data  indicated  that  both 
the  epiplasm  and  sporoplasm  contributs  to  the  primary  wall. 

In  w.  amerlcana,  early  stages  of  primary  wall  formation 
were  not  found.  However,  In  the  later  stages,  sporoplasraa 
membrane  extends  from  the  sporoplasm  to  the  primary  wall. 
This  indicates  that  there  is  an  interaction  between 
aporopiasm  and  the  primary  wall  during  wall  development  and 
that  the  sporoplasm  may  be  the  source  of  the  primary  wall 
material . 

Perisporic  sac  expansion  is  not  obvious  in  P. 
dominoensis  at  early  stages  of  spore  wall  formation.  After 
spore  markings  are  formed,  however,  the  perisporic  sac 


becomes  more  distinct.  In  contrast/  W.  amerlcana  has  a more 
widely  expanded  perisporlc  sac  end  It  does  not  collapse 
until  spore  ornaments  are  formed.  The  late  expansion  of  the 
perisporlc  sac  may  be  evidence  that  final  primary  wall 
formation  also  relies  on  material  in  the  pesisporic  sac. 

The  process  of  eplapore  formation  was  not  observed  In 
£.  domlnqensls.  In  w.  amerlcana . eplspore  formation  is 
similar  to  what  was  found  in  Mvcolachnea  {Wu  and  Kimbrough, 
1992a),  Schaerosoorella  (Wu,  1991),  and  Aleurla  and 
Octospora  (Wu  and  Kimbrough,  1993),  which  are  members  of  the 
Otideaceae . 

Beckett  (19811  pointed  out  that  most  of  the  spore 
ornaments  were  from  secondary  wall  material.  However,  the 
cyanophobic  longitudinal  ridges  of  P.  domlnqensia  and  W. 
amerlcana  originate  from  the  primary  wall  and  there  is  no 
secondary  wall  material  on  the  outside  of  the  eplspore.  So 
far,  there  are  no  examples  found  in  the  Peslrales  other  than 
Sarcoscyphaoeae  that  have  spores  with  either  cyanophobic 
nar}cings  or  spore  markings  composed  of  primary  wall 
material.  The  cyanophobic  ridges  on  sporea  of  the 
Sarcoscyphaoeae  reflect  the  Inability  of  Perisales  primary 
walls  to  absorb  cotton  blue  dyes.  In  contrast,  the  ornaments 
originating  from  secondary  wall  material  stain  blue. 

Plthva,  another  genus  in  Sarcoscyphaoeae  that  haa  smooth 
spores,  was  found  by  Helendez-Howell  et  al.  (1990)  to  have 
minute  ornaments  which  were  not  visible  under  the  light 


microscope.  Even  though  the  authors  did  not  specify  the 
origin  of  the  ornaiaents.  It  is  apparent  that  the  ornainenta 
are  composed  of  primary  wall  material. 

In  many  cases  spore  wall  ontogeny  may  not  provide 
reliable  evidence  for  studying  phylogenetic  relationships 
above  species  level  because  of  its  Inconsistency.  However, 
the  process  of  primary  wall  synthesis  observed  in  both 
Philllpsla  and  Wvnnea  is  quite  different  from  that  of  the 
other  families  of  Petltales.  The  longitudinal  ridges  with 
primary  wall  material  origin  found  In  H.  amerlcana  and  P. 
dominqensla  are  so  unique  that  they  can  be  used  to 
distinguish  Sarcoscyphaceae  from  the  other  families  of 
Pesltales.  Based  upon  Korf'a  (19«9)  description  on  Wvnnea 
with  bright  colored  apothecia  when  young  and  fresh,  and  the 
unique  ultrastructural  features  that  are  found  in 
Philllpsla  and  Wvnnea.  the  latter  should  remain  in 
Sarcoscyphaceae. 
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CHAPTER  rv 

SPORE  ONTOGENY  OF  URNULA  CRATERIUM 
Introduction 

Tha  genus  Urnula  was  proposed  by  Frias  (1B49),  who 
designated  Urnula  crateriuia  (Schw.)  Fr.  as  the  type  species. 
Anatomical  studies  of  u.  craterlum  were  made  by  Kupfer 
(1902),  Heald  and  Wolf  (1910),  and  Wolf  (1959).  Later,  Le 
Gal  (1946b)  studied  the  operculum  of  this  genus  at  the  light 
microscopic  level  and  found  that  the  apical  chambers  of 
Urnula  species  were  either  terminal  and  confined  to  the 
inner  layer  of  the  aacal  wall  or  were  lateral  and  located 
between  inner  and  outer  layers  of  the  ascal  wall.  Because 
of  the  opercular  structures,  Le  Gal  (1946b)  recognized 

proposed  Sareoscyphaceae  to  accommodate  this  group  (Le  Gal, 
1947).  Urnula  was  Included  in  the  tribe  urnuleae  which  had 
dar)t  colored  apothecia  and  hymenia,  in  contrast  to  the 
Sarcoacypheae  which  were  brightly  colored. 

In  the  cytological  research  of  uiscomycetes,  Berthet 
(1964)  studied  nuclear  number  in  different  tissues  of 
Discomycetes  and  found  chat  U.  craterlum  had  twenty-five 
nuclei  in  each  ascospore.  Similarly,  the  other  Urnula 
species  examined  in  this  study  had  multlnucleato  (6-10) 
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ascoaporBB.  Members  of  Urnuleae,  including  U.  eratarluin  and 
U.  pouchettil  Berth,  et  Slous.,  were  devoid  of  carotenoid 
pigments  (Arpin,  1966).  After  a thorough  cytochemlcal  study 
of  DIscomycetea,  Arpln  came  to  a conclusion  that  the 
Urnuleae  were  derived  from  Sclerotlnlaceae  since  neither 
contained  carotenoid  pigments. 

Ec)fbiad  fl968)  erected  a new  genus.  Chorioactia  ■ to 
include  U.  qeaster  Peck,  a species  that  had  a geastrum-llke 
apothecial  opening,  similarly,  U.  plateneis  Speg.  was 
transferred  to  Plectanla  Fuokel  emend.  Saco,  by  Rlfai  11968) 
because  of  apothecial  characters. 

Relative  to  pathogenicity,  Urnula  is  a fairly  unique 
member  of  the  Pezizales.  Host  of  the  Pezizales  are 
saproblc.  However,  U.  craterium  (Sehw. ) Fr.  waa  determined 
to  cause  a canker  disease  of  bur  oaks  IQuercus  macrocar oa 
Mich.)  (Fergus,  1951).  The  Imperfect  stage  of  this  species 
is  Strumella  corvneoidea  Sacc.  i Hint.  (Davidson,  1950). 

Based  on  a unique  set  of  characteristics,  Rlfai  (1966) 
elevated  Sarcoscyphaceae  (senau  Le  Gal)  as  a suborder,  the 
sarcoscyphineae.  Later,  Korf  (1970)  amended  the  definition 
of  Sarcosomataceae  proposed  earlier  by  Kobayasl  (1937)  to 
acoommodate  members  of  the  Urnuleae  and  Included  Urnula  in 
Sarcosomateae,  a tribe  devoid  of  cyanophllous  spore 

One  aspect  of  ascus  structure  that  has  received  the 
most  interest  in  the  Sarcoscyphineae  has  been  the  operculum. 


ultraatructural  level,  Samuelson  (1375)  studied 


operculun  of  y.  craterium  and  found  that  the  operculum,  as 
in  species  of  Pseudoplecbania.  was  non-eccentric.  He  was 
also  unable  to  find  an  Incomplete  ring  In  the  ascal  tip  as 
had  been  depicted  by  Le  Gal  (liAta,  1346b,  1347).  When 
comparing  the  ascal  tips  of  a variety  of  Sarcoscyphlneae, 
Samuelson  et  al.  (1380)  concluded  that  those  of  the 
Sarcosomataceae  were  very  similar  to  chose  of  the 

Since  questions  have  been  raised  concerning  the  nature 
and  presence  of  suboperculate  ascl  In  urnula  (Ec)cblad,  1968; 
Samuelson  ec  al.,  1980),  Che  relationship  of  taxa  in  the 
Sarcoscyphlneae  becomes  unclear.  While  the  ultrastructure 
of  spores  has  been  examined  In  other  Pezltales  (see  Chapter 
II),  there  are  no  data  on  the  fine  structure  of  spore 

was  to  study  ascosporogenesis  of  y,  craterium 
ultrastructurally  and  to  reveal  Information  on  the 
phylogenetic  relationships  of  Urnula  to  the  other  Pesltales. 

Materials  and  Methods 

Field  specimens  were  processed  for  transmission 
electron  microscope  study  following  the  procedures  described 
by  Curry  and  Kimbrough  (1983).  The  following  collection  was 
examined:  Urnula  craterium  (schw.)  Fries)  S miles  N.  E.,  Hwy 
03,  Forsyth  Par)t,  Macon  Co.,  Georgia,  on  March  12  1992, 


(FLAS  F55753).  Ultrathin  sections 


obtained 


Huxley  ultramlcrototne  with  a diamond  knlle.  After 
poBtatalning  with  uranyl  acetate  and  lead  citrate  for  30  and 
10  minutes,  respectively,  the  sections  were  examined  at  50 
kv  on  a Hitachi  H-600  electron  microscope. 

Early  Stage  of  Ascosporoaenesls 

The  earliest  stage  of  ascosporogenesls  observed  starts 
with  the  spore  delimiting  membrane  {SDM)  invaginating  and 
encircling  the  eight  haploid  nuclei  synchronously  in  an 
ascus.  The  apical  nucleus  (Fig.  4.1)  and  the  two  nuclei 
from  the  end  of  the  ascus  (Fig.  4.2)  delimited  by  the  SDM 
are  shown.  Completion  of  spore  delimitation  is  later 
observed  with  a haploid  nucleus  enclosed  by  the  SDM  and  the 
epiplasm  becomes  dense  (Fig.  4.3). 

Frlmarv  Wall  Formation 

Early  primary  wall  development  begins  with  primary  wall 
material  depositing  between  the  outer  and  Inner  spore 
delimiting  membranes  (Fig.  4.4).  The  primary  wall  appears 
electron  dense  at  the  early  stage  and  the  mitochondria  ere 
found  around  the  nuclear  membrane  (Fig.  4.5). 

Formation  of  Perlsporic  Sac 

After  the  primary  wall  Is  formed,  the  outer  spore 
delimiting  membrane  expands  around  the  spore  to  form  the 
perlsporic  sac  filled  with  electron  translucent  material 
(Fig.  4.6).  The  epiplasm  around  the  elongate  spore  becomes 
condensed  around  the  ascal  wall 


(Fig.  4.6) . 


petlsporic  aac  shrinks  and  some  vesicles  appear  inside  the 
perisporic  sac  {Plq.  4,7).  Two  large  vacuoles  occupy  most 
of  Che  aporoplasm  and  are  located  on  both  ends  of  the  spore 
(Fig.  4.7).  The  primary  wall  Is  electron  translucent  at 
this  stage  (Fig.  4.7) . 

DltCerentiatlon  of  Eoispore  Lavers 

Minute  electron  dense  dots  appear  eventually  on  Che 
electron  translucent  primary  wall  (Fig.  4.8).  subsequently, 
interactions  occur  between  the  outer  spore  delimiting 
membrane  and  the  epiplasm  occur  with  the  appearance  of  some 
globose  electron  dense  matrices  (Fig.  4.9).  The  electron 
dense  matrices  seem  to  transfer  from  the  epiplasm  into  the 
perisporic  sac  and  adhere  on  the  inner  side  of  the  outer 
investing  membrane  (Fig.  4,10),  some  vesicles  are  left  on 
the  outer  spore  delimiting  membrane  after  transfer  of  the 
electron  dense  matrices  (Fig.  4.10).  The  perisporic  sac  is 
filled  with  loose  electron  dense  fibrils  which  are  partially 
precipitated  on  the  primary  wall  and  forms  a distinct  line 
on  the  primary  wall  (Fig.  4.10).  At  higher  magnification, 
the  distinguishing  line  appears  as  epispore  precursors  of 
radially  aligned  fibrils  (Fig.  4.11).  The  granular  electron 
dense  matrix  becomes  sprsad  onto  the  primary  wall  and 
increases  the  thickness  of  the  epispore  layer.  As  a result, 
the  amount  of  the  electron  dense  matrix  decreases  (Fig. 
4.12). 


Mitosis  Is  observed  after  the  epiapore  layer  la  formed. 
At  least  five  nuclei  are  found  in  sections  of  the  spore 
(Fig.  4.13).  Simultaneously,  the  periplasm  is  filled  with 
electron  dense  granules,  and  electron  dense  bodies  press 
onto  the  perisporic  sac  (Figs.  4.14,  4. IS).  Some  appear  to 
pass  through  the  outer  spore  delimiting  membrane  (Fig.  4.17, 
arrow] . The  primary  wall  becomes  zonated  with  an  outer 
electron  dense  and  an  Inner  translucent  zone  and  the 
eplspore  stains  darker  (Fig.  4.14).  More  electron  dense 
bodies  seem  to  transfer  from  the  epiplasm  to  the  perisporic 


sac  and  diffuse  on  the  margin  of  the  perisporic  sac  (Fig. 

4.  IS).  The  amount  of  electron  dense  granules  decreases  in 
the  perisporic  sac  and  the  epispore  layer  is  differentiated 
into  a dense  zone  sandwiched  by  an  opaque  zone  and  a 
translucent  zone  (Fig.  4.17). 

Secondary  Wall  Formation 

By  the  time  the  eplspore  layer  is  well  differentiated, 
the  electron  opaque  secondary  wall  material  In  the 
perisporic  sac  deposits  on  the  epispore  layer  and  the 
translucent  zone  of  the  primary  wall  expands  widely  (Fig. 
4.17).  The  perisporic  sac  becomes  fairly  translucent  and 
the  sporoplasm  appears  osmlophllic  (Fig.  4. IB).  Secondary 
wall  material  previously  precipitated  on  the  eplspore 
condenses  and  forms  a line  encircling  the  epispore  (Figs. 
4.19,  4,20).  Radial  electron  dense  fibrils  w 
the  encircling  zone  (Fig.  4.19,  arrow). 


The  perispoclc  sac  degenerates  when  the  aecospore 
matures.  Secondary  wall  material  disintegrates  and  only 
traces  ol  It  are  left  (Fig,  4.20).  The  translucent  zone  of 
the  eplspore  becomes  more  distinguishable  (Fig.  4.20). 

Discussion 

The  early  stages  of  spore  ontogeny,  including  spore 
delimitation  and  primary  wall  formation  of  Urnula.  are 
similar  to  those  of  most  Ascomyeetes  (Beckett,  1901). 
However,  the  entire  process  of  ascosporogenesls  of  u. 
crateriuiB  may  represent  another  type  of  spore  wall 
development . 

Epispore  differentiation  is  found  similar  to 
Hvdnobolites  cerebrlformis  Tul . and  Tul.,  one  of  the 
hypogeous  Pezlzaceae  (Kimbrough  et  al.,  1991),  The 
similarities  include  the  dense  matrices  carried  by  some 
vesicles  from  the  eplplasm  into  the  perlsporlc  sac.  Only 
the  aggregation  patterns  of  electron  dense  matrices  show 
some  differences  between  y.  eraterlum  and  H.  cerebrlformis. 
In  y.  eraterlum  the  dense  matrices  diffuse  along  the  Inner 
side  of  the  outer  spore  delimiting  membrane  but  the  dense 
bodies  in  H.  cerebrlformis  lie  on  the  primary  wail. 

Secondary  wall  material  of  U.  eraterlum  Is  also 
contributed  by  some  large  electron  dense  bodies  from  the 
eplplasm  similar  to  those  in  Ascoboius  immersus  Pers.  ex 
Pers.  (Wu  and  Kimbrough,  1992b).  Even 
secondary  wall  deposition  is  alike  in  U 


though 


and  devoid  of  a secondary  wall  layer.  Ascobolus  Inunersus . 
on  the  contrary,  has  a thick  ornamented  secondary  wall. 

Based  upon  the  data  obtained,  U.  craterium  displays  a 
type  of  spore  development  with  combination  of  the  hypogeous 
Pezizaceae  and  the  Ascobolaceae . However,  It  Is  very 
difficult  to  link  the  phylogenetic  relationships  among  y. 
craterium,  Hvdnobolitea . and  Ascobolus.  Morphologically, 

As CO bolus  and  Hvdnobolltes  both  have  fleshy  apotheclal 
tissues  in  contrast  to  leathery  apotheclal  tissues  of  U. 
craterium.  Most  Ascobolus  species  are  coprophilous , whereas 
Hvdnobolltes  is  known  to  form  oycorrhizal  associations. 
Urnula  craterium,  however,  has  been  proven  to  be  a plant 
pathogen  that  causes  oak  canker  (Fergus,  1951). 
Cytologically,  Berthet  (1964)  revealed  that  y.  craterium 
could  have  up  to  twenty-five  nuclei  in  each  ascospore. 
Multlnucleate  ascospores  are  only  found  elsewhere  in  the 
Sarcoscyphaceae,  Morchellaceae  and  Helvellaceae  in  the 
Pezizales.  This  could  Indicate  a phylogenetic  relationship 
of  y.  craterium  to  these  families  of  Pezizales. 

As  conserved  traits,  septal  structures  are  considered 
to  be  useful  in  establishing  phylogenetic  relationships 
ultrastructurally  (Kimbrough,  1994).  The  Sarcoscyphineae 
were  found  to  have  septal  plugs  more  similar  to  those  of 
Morchellaceae  and  Helvellaceae  and  were  considered  more 
evolved  than  the  Pezizaceae  and  the  Ascobolaceae  according 


complexity  of  septal  structures.  Although  the  septal 


structures  of  U.  craterlun  are  presented  later  (Chapter 
Vin,  It  Is  not  too  difficult  to  find  differences  between 
Urnula  and  other  members  of  the  Pezlzaceae  and  Ascobolaceae . 

Based  on  ultrastructural  data,  I conclude  that  spore 
wall  formation  is  not  reliable  In  studying  phylogenetic 
relationships  of  the  Pezlsales.  Different  families  may  have 
a very  similar  type  of  ascospore  development,  and  different 
species  of  the  same  genus  may  present  different  patterns  of 
spore  wall  deposition  (Chapter  II).  Urnula  craterlum  Is 
merely  another  example  that  shows  the  variations  of  spore 
wall  development.  More  information  may  be  needed  to 
determine  phylogenetic  relationships  of  Urnula  to  the 
families  of  the  Pezisaies. 


CHAPTER  V 

SPORE  ONTOGEHY  OF  PSEUDOPLECTAMIA  NIGRELLA 
AND  PLECTAHIA  NANNPELDTll 

Introduction 

PseudoDlectanla  and  Plectanla  were  both  erected  by 
Puckel  (1870),  and  their  respective  type  species  are  Pa. 
nlqrella  (Pers,  ex  Fr.)  Fckl.  and  P.  nielastoma  (Sow,  ex 
Gray)  Fukl,  These  two  genera  are  slmiler  in  having  blackish 
discoid-shaped  apothecia.  They  differ  in  that 
Pseudoplectania  has  globose  spores  and  Plectanla  ovoid  to 
ellipsoid  ones,  Boudier  (1885)  recognized  another  genus, 
Welasevpha,  to  include  M.  melaena  (Fr.)  Boud.,  which  was 
referred  to  as  a synonym  of  Pseudoplectania  by  Seaver 
(1928).  Seaver  (1942)  later  studied  Pseudoplectania  and 
Plectanla  inorphologlcally.  He  provided  a key  and 
descriptions  of  Pseudoplectania  species,  Including  Ps. 
nigrella.  However,  he  interpreted  Plectanla  to  include  the 
genus  Sarcoscypha,  which  has  brightly  colored  apothecia  and 
hymenla.  This  misinterpretation  was  followed  by  some 
mycologists  (Kanouse,  1948:  Nannfeldt,  1949;  Le  Gal,  1953; 
Berthet,  1964).  At  the  same  time,  Seaver  placed  some 
Plectanla  species  under  Bulaarla,  Not  only  was  Plectanla 
misinterpreted  as  Sarcoscypha.  but  it  was  merged  with  Urnula 
(be  Gal,  1946b,  1958a;  Berthet,  1964).  Because  Urnula  had 


laclclng  a thick 


larger  apothecla  than  Plectania  and  was 
gelatinous  layer,  several  mycologists  suggested  that  Urnula 
and  Plectanla  should  be  kept  separated  (Kannfeldt,  1949; 
Kort,  1957:  Dennis.  1960;  Moser,  1963;  Eckblad,  1968). 

Aside  from  taxonomical  and  morphological  studies,  Le 
Gal  (1946b)  found  that  the  opercular  structures  of 
Dlscomycetes  were  useful  in  studying  phylogenetic 
relationships  among  Dlscomycetes  at  the  light  microscopic 
level.  She  also  concluded  that  there  was  a group  of 
Dlscomycetes  that  had  open  rings  on  the  top  of  the  asci 
(subopercula),  including  P.  melastoma.  ps.  niorella.  and  Ps. 
vooeslaca  (Pars.)  Seaver  (=  M.  melaenal , Thus,  the 
Sarcoscyphaceae  was  proposed  to  accommodate  suboperculate 
members  (Le  Gal,  1947)  and  was  separated  into  two  tribes, 
the  Sarcoscypheae  and  the  Urnuleae,  Pseudoplectania  and 
Plectanla  were  arranged  in  the  Urnuleae  and  the  species 
studied  had  a terminal  chamber  located  Inside  the  inner 
layer  of  the  ascal  wall  (Le  Gal,  1946b). 

Plectanla  has  been  mlsta)cenly  shifted  among  genera 
because  of  variability  of  Its  spore  shape  and  by  the 
presence  or  absence  of  transverse  furrows  on  the  spores. 
Based  upon  spore  characters,  Korf  (1957)  separated  Plectanla 
into  three  sections,  Plectanla,  Curvatlsporae,  and 
Pllcosporae,  and  treated  the  other  generic  names  as 
synonyms,  p.  nannteldtil  Korf  was  placed  in  the  section 
Plectanla. 


Several  years  later,  Berthet  (1964)  studied  the 
cytology  of  Disconycetes  and  found  that  Ps.  nigrel la  had  two 
to  four  nuclei  In  each  spore,  whereas,  P.  melastoma,  and  P. 
Dlatensls  (speg.)  Rifal  had  six  to  ten,  and  eight  to  ten 
nuclei,  respectively.  He  also  found  that  the  entire 
Sarcoscyphaceae  (sensu  Le  Gal]  was  characterized  by 
raultlnucleate  spores.  Cytochemlcal  studies  done  by  Arpln 
(1968)  revealed  that  Pseudopiectania  and  the  other  Urnuleae 
were  devoid  of  carotenoid  pigments.  Arpln  also  suggested 
that  the  Urnuleae  were  derived  from  the  Sclerotinlaceae. 
since  the  Sarcoscyphaceae  had  a number  of  unique 
characteristics,  Rifal  (1966)  created  a suborder, 
sarcoscyphlneae,  to  distinguish  Sarcoscyphaceae  from  the 
other  Pezlzales.  In  the  same  study,  Rifal  provided 
descriptions  of  four  Plectania  species,  and  at  least  three 
of  them  had  cyanophobic  horizontal  ridges  on  the  ascospores . 
He  did  not  study  species  of  Pseudopiectania ■ 

although  Le  Gal’s  (1947)  taxonomic  scheme  was  followed 
until  1970s,  the  family  name  Sarcosomataceae,  proposed  by 
Kobayasl  (1937)  for  oertaln  suboperculate  Dlscomycetes , was 
overlooked.  Korf  (1970)  followed  Rifal  (1668)  In 
recognizing  the  Sarcoscyphlneae  but  amended  the 
Sarcosomataceae  and  Included  two  families  in  the  suborder, 
Sarcoscyphaceae  and  Sarcosomataceae,  to  represent  the 
Sarcoscypheae  and  Urnuleae,  respectively.  Korf  (1970,  1973) 
used  the  staining  reaction  of  spore  markings  to  divide  the 


Sarcosocnataceae  Into  two  tribes,  the  Sarcosomateae  without 
cyanophilic  spore  markings  and  the  Galislleae  with 
cyanophilic  ornaments-  Both  Pseudoplectanla  and  Plectania 
were  included  in  the  Sarcosomateae . At  the  ultrastructural 
level,  Samuelson  (197S)  and  Samuelson  et  al.  (1980)  examined 
opercular  structures  of  the  suboperculate  group,  including 
Ps . niorella,  and  found  that  Che  opercular  structures  of  the 
Sarcoaomataceae  were  non-eccentric  and  similar  to  chose  of 
Pezizineae.  Bellemere  et  al.  (1990)  also  studied  the 
opercula  and  ascal  wall  of  meoibecs  of  Sarcosomataceae, 
including  Ps.  niorella  and  P.  melastoraa.  and  concluded  that 
the  Sarcosomataceae  were  not  suboperculate.  A general  view 
of  the  ascospore  wall  was  shown  in  the  same  study  (Beilemere 

only  vary  limited  ultrastructural  studies  have  been 
done  on  species  of  Pseudoplectanla  and  Plectania  and  most  of 
these  were  restricted  to  the  ascal  wall.  The  cyanophobic 
spore  markings  used  in  distinguishing  Sarcosomateae  and 
Galielleae  still  need  to  be  examined  at  the  ultrastructural 
level  In  order  to  compare  the  cyanophobic  ridges  found  In 
the  Sarcoscyphaceae  (Chapter  III).  The  origin  of  the  spore 
markings  can  only  be  found  by  means  of  ultrastructural  study 
(personal  observations  with  the  light  microscope).  The 
purpose  of  this  paper  Is  to  study  spore  wall  ontogeny  by 
transmission  electron  microscopy  and  hopefully  resolve  these 
problems  and  provide  information  on  the  phylogenetic 


relationship  of  Pseudoplectanla  and  Plectanla  to  the  other 
SarcoBomataceae  and  Pealzales. 

Materials  and  Methods 

Field  specimens  were  processed  for  transmission 
electron  microscope  study  following  the  procedures  described 
by  Curry  and  Kimbrough  |19B3).  The  following  collections 
were  examined:  Peeudoplectanla  nlarella  (Pera.  ex  Pr.) 
Puckei;  on  moist,  mossy  aoil  near  snow  melt,  5000  ft. 
elevation,  on  Timberline  Lodge  Rd.,  300  yds  off  Hwy  26,  Mt. 
Hood,  2 mi.  E.  of  Government  Camp.,  Oregon,  on  June  24  1964, 
(PLAS  F53942);  Plectanla  nann feldtii  Korf;  on  conifer  twigs 
along  snowbank,  1/4  mi.  behind  Campground  at  Yuba  Pass,  6800 
ft.  elevation,  5 mi.  E,  of  Sierra  City,  Sierra  Co., 
California,  on  June  20  1984,  (FLAS  F5395S).  Ultrathln 
sections  were  obtained  on  an  LKB  Huxley  ultramlcrotome  with 
a diamond  knife.  After  poststainlng  with  uranyl  acetate  and 

sections  were  examined  at  50  kv  on  a Hitachi  H-600  electron 
microscope. 

Early  stage  of  AscosporooenealB 

The  earliest  stage  of  aacosporogenesis  observed  in  Ps. 
niqreila  starts  with  spore  delimiting  membrane  (SDH) 
encircling  a haploid  nucleus  and  associated  cytoplasm  and 
organelles  (Fig.  5.1).  The  spore  delimiting  membrane  is 
composed  of  two  layers  of  double  unit  membranes  (Fig.  5.2). 


The  saroe  abage  of  aacosporogenesis  was  nob  observed  in  the 
P.  nannfeldtll . 

Primary  Wall  and  Perlaporic  Sac  Formation 

The  primary  wall  (PH)  material  is  deposited  between  the 
outer  and  inner  spore  delimiting  membranes  and  is  electron 
translucent  in  both  Ps.  nlorella  (rig.  5.3)  and  P. 
nannfeldtii  (Fig.  5.5).  ht  the  same  stage,  some  electron 
dense  dots  appear  outside  the  primary  wall  in  Ps.  nlorella 
(Fig.  5.3,  arrows).  Higher  magnification  shows  that  the 
outer  spore  delimiting  membrane  slightly  expands  and  forms 
the  perisporic  sac  (PS)  and  the  electron  dense  dots  are 
attached  to  the  outer  spore  delimiting  membrane  (Fig.  5.4). 
The  epiplasm  (EP)  appears  somewhat  electron  dense  in  Ps. 
nlorella  (Figs.  5.3,  5.4)  and  Is  filled  with  loose  electron 
dense  granules  in  P.  nannfeldtll  (Fig.  5.5). 

Dltlerentlatlon  of  Eolspore  Lavers 

Subsequently,  the  perisporic  sac  is  filled  with 
electron  dense  fragmented  matrices  (FH)  in  Ps.  nlorella 
(Fig.  5.6)  and  some  of  the  matrices  seem  to  be  deposited  on 
the  primary  wall  and  form  the  epispore  precursors  (BPP) 
composed  of  radial  fibrils  (Fig.  5.7).  At  this  stage,  the 
primary  wall  is  no  longer  electron  translucent  (Figs.  5.6, 
5.7)  and  the  sporoplasm  becomes  more  vacuolate  (Fig.  5.6). 
Another  discrete  electron  dense  mstrix  (DM)  also  appears  In 
the  perisporic  sac  (Fig.  5.B)  and  contributes  to  the 
epispore  precursors  (Fig.  5.9,  arrow). 


epispore  precursors 
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incresses  (Fig.  5.10) 
anO  the  psrisporlc  sac  (PS)  further  expands  and  is  filled 
with  electron  dense  granules  (Fig.  5.11).  Simultaneously, 
the  epispore  (EP)  becomes  zonate  (Pig.  5.11)  and  an  uneven 
staining  reaction  occurs  In  the  primary  wall  (Figs.  5.11, 
5.12,  arrows).  After  the  epispore  is  formed,  the  perlsporlc 
sac  becomes  more  electron  dense,  especially  on  its  margin 
(Fig.  5.12).  Large  electron  dense  globular  bodies  (GB) 
appear  to  be  engulfed  by  the  outer  spore  delimiting  membrane 
and  part  of  the  dense  material  In  the  perisporic  sac  becomes 
deposited  on  the  epispore  (Fig.  5.13,  arrow).  Some  vesicles 
(VS)  appear  in  the  epiplasm  at  the  same  stage  (Fig.  5.13). 
The  large  dense  bodies  are  dispersed  on  the  outer  spore 
delimiting  membrane  (Fig.  5.14).  Later,  Che  electron  dense 
secondary  wall  material  (SWM)  in  the  perisporic  sac  becomes 
homogeneous  and  the  epiplasm  still  has  some  large  electron 
dense  matrix  (Pig.  5.15). 

In  P.  nannfeldtii . the  process  of  epispore 
differentiation  was  not  observed.  However,  the  epispore 
appears  to  be  a single  electron  dense  layer  with  small  dense 
dots  (arrows),  and  the  periplasm  (PSM)  outside  of  the 
epispore  is  filled  with  electron  dense  secondary  wall 
material  (Fig.  5-16).  The  primary  wall  is  differentiated 

thick  zone  (Fig.  5.16).  The  well  differentiated  epispore 
layer  In  £s.  nlorella  Is  composed  of  one  dark  intermediate 


layer,  one  lighter  inner  layer  and  one  lighter  outer  layer 
irig.  5.17) . 

Secondary  Mall  Formation 

After  eplepore  formation  Is  completed  in  Ps.  niqrella, 
the  periplasm  becomes  less  dense  and  the  perisporic  sac 
reduces  in  site  (Pig.  5.18).  In  P.  nannfeldtii.  the  dense 
dots  formed  by  secondary  wall  material  on  the  eplspore  layer 
increase  In  sice.  The  perisporic  sac  Is  reduced  considerably 
with  only  the  outer  spore  delimiting  membrane  attached  to 
the  dense  dote  (Fig.  5.19,  arrows).  It  is  similar  In  Pa. 
nlorella  except  that  there  are  no  electron  dense  dots  (Fig. 
5.20).  The  primary  wall  also  becomes  electron  translucent 
at  this  stage  (rig.  5.19).  In  contrast  to  P.  nannteldtli. 
the  primary  wall  in  Pa.  niqrella  is  slightly  electron  opaque 
encircled  by  an  electron  dense  line  (Fig.  5.20,  arrow). 
Mature  Spore  Wall  Formation 

The  sporoplasm  in  the  mature  spore  of  P.  nannfeldtii  Is 
electron  dense  with  osmlophlllc  lipid  bodies  (L)  arranged 

undulate  (Fig,  5.21).  The  mature  spore  of  Ps.  nlorella  also 
has  osmlophlllc  sporoplasm  (Fig.  5.22)  and  an  undulate  spore 
wall  (Figs.  5.22,  5.23). 

With  higher  magnification,  the  mature  spore  wall  of  Ps. 
niqrella  Is  composed  of  the  primary  wall  and  the  eplspore 
without  any  secondary  wall  (Fig.  5.23).  In  P.  nannfeldtii. 
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epispoie  with  two  lighter  and  two  dark  alternating  layers, 
and  small  ornaments  (OR)  formed  by  secondary  wall  material 
(Fig.  5.24). 


Discussion 

The  entire  process  of  spore  wail  development  found  in 
Fs.  niqrella  is  similar  to  Sphaerosporella  in  the  Otideaceae 
(Wu,  1891).  Both  of  the  genera  have  electron  dense 
secondary  wall  material  accumulating  in  the  perisporic  sac 
during  eplspore  and  primary  wall  development. 

Paeudoplectania  niqrella  and  Sphaerosporella  are  also 
similar  In  that  both  lac)c  a secondary  wall  layer.  However, 
there  are  still  some  differences  between  Ps.  niqrella  and 
Sphaerosporella . First,  the  eplspore  of  Ps.  niorella  is 


r leyers  while  that  in  Sphaerosporel la  is 
multi-layered  (more  than  four  layers) . Sphaerosporella  also 
has  an  outer  banded  primary  wail  while  Ps.  niqrella  has  a 
homogeneous  electron  translucent  primary  wall. 

between  Ps.  niorella  and  Sphaerosporella  might  Indicate  a 
certain  relationship,  stronger  evidence  for  proving  such  a 
relationship  is  still  needed.  From  a view  of  the  habitats, 
s usually  associated  with  decaying  coniferous 
I (Seaver,  1942),  while  Sohaeroeporella 
le  speoificlty  existing  between 
the  fungus  and  the  wood  may  suggest  a host-pathogen 
relationship,  on  this  point. 


feature  with  Urnula  crateriufli.  another  rnemher  of  the 
Sarcosomataceae  which  causes  oak  canker.  In  contrast  to 
Sphaerosporella . the  characteristic  of  multinucieate 
ascospores  of  Pa.  nlarella  found  by  Berthet  (19$4),  although 
a omltinucieate  spore  was  not  observed  in  this  study, 
indicates  that  £s.  niarella  may  be  geneticaliy  more  closely 
related  to  multlnucleate  taxa  such  as  Morchellaceae  and 
Kelvellaceae. 

Many  of  the  sarcoscyphlneae  have  more  or  less 
synchronous  spore  development  and  do  not  produce  apothecia 
in  culture.  Only  a few  stages  of  spore  development  in  P. 
nannfeldtti  were  found  In  field  collections.  Based  on  the 
key  provided  by  Korf  (1957),  P.  nannteldtii  has  smooth 
ascospores.  However,  at  the  ultrastructural  level,  the 


ascospore  has  secondary  wall  ornaments.  In  the  study  of 
Phillips  la  and  Wvnnea  (Chapter  III),  the  spore  markings 
composed  of  primary  wall  material  are  cyanophobic.  On  the 
contrary,  species  with  secondary  wall  spore  ornaments  are 
cyanophiJlc.  Therefore,  the  ultraatructural  evidence 
presented  here  suggests  that  spore  ornaments  found  in  P. 
nannfeldtli  should  stain  blue  in  cotton  blue  if  the  staining 
reaction  or  the  spore  markings  are  visible  under  a light 
microscope.  I rehydrated  two  herbarium  specimens  of  P. 
melastoroa  (COP,  MM-1749;  FLAS  F51940)  with  distilled  water 
at  4°c  overnight,  stained  them  with  lactophenol  cotton  blue, 
and  examined  the  specimens  under  a light  microscope  at  high 


magnification  {X2000).  I was  not  able  to  find  the 
cyanophoblc  ridges  as  described  by  Rlfai  (1968)  • On  Che 
contrary,  a thin  layer  of  secondary  wall  staining  blue  by 
cotton  blue  waa  found  in  both  specimens.  Korf  (personal 
communication)  also  found  that  £.  canpvlospora  (Berk.) 
hannf.  apud  Korf  had  cyanophillc  spore  markings. 
Taxononically,  Korf  (1970.  1973)  placed  P.  nann feldtil  and 


SarcoBomataceae  which  are  devoid  of  cyanophillc  spore 
markings.  Since  £s.  nlqrella  lacks  a secondary  wall  layer 
which  stains  blue  in  cotton  blue,  there  is  no  problem  to 
retain  this  species  In  the  Sarcosomateae . However,  species 
of  Plectanla  may  not  be  able  to  fit  into  this  scheme. 

The  method  of  ascosporogenesis  may  not  provide  enough 
information  to  show  phylogenetic  relationships  among 
Sarcosomataceae  and  the  other  Pezlzales.  However,  the 
composition  of  spore  markings  may  be  useful  for  taxonomic 
study.  Ultrastructural  and  light  microscopic  data  show  that 
so  far,  the  cyanophoblc  spore  markings  formed  by  primary 
wall  material  may  exist  In  the  Sarcoscyphaceae  and  not  in 
the  Sarcosomataceae.  Because  of  the  discovery  of  the 
secondary  wall  ornaments  in  P.  nannfeldtii . other  members  of 
the  Sarcosomateae  should  be  examined  to  determine  if 


cyanophillc  secondary 


spore  markings  characterize 


epispore  precursors  (EPP)  (bar  • 0.5  pm). 


Introduction 

Gallella  rufa  (Schw.)  Nannf.  6 Korf  was  fl 
as  Bulgaria  ru fa  Schwelnitz  (1832)  and  transferred  to 
Sarcosoma  rufum  (Schw. ) Hehm  ( 1896) . Seaver  ( 1928)  and  Le 
Gai  (1953),  however,  recognized  the  name  B-  rufa.  Later, 
Kobayaal  (1937)  examined  Bulgaria  and  sarcosoma  species  and 
concluded  that  Bulgaria  should  belong  to  the  inoperculate 
group  and  Sarcosoma  to  the  operculate  group.  Because  of  the 
gelatinous  apothecla  of  Sarcoeoiaa.  he  proposed  a new  family, 
Sarcosonataceae,  to  Include  the  genera  that  had  gelatinous 
apothecla.  In  the  same  study,  s.  platvdlacus  (Casp.)  sacc. 
var.  celeblcum  (Hann.)  Kobayasl,  which  is  now  considered  a 
species  of  Gallella.  was  Included  in  Sarcosoma . This  is  the 
first  time  that  a species  we  consider  in  (jallella  was  placed 
In  the  suboperculate  group.  Unfortunately,  the  family  name 
Sarcoaomataceae  was  overlooked  and  Le  Gal  (1947)  proposed 
another  name,  Sarcoecyphaceae,  to  represent  the  group  with 
suboperculate  ascl. 


Nannfeldt  and  Korf  (Korf,  1957)  found  that  some 
Sarcosoma  species  recognized  by  Le  Gal  (1953)  had 
cyanophilous  ornamented  spores  which  were  different  from  the 


SB 

smooth  spores  of  Sarcosona.  Therefore,  Gallella  was 
proposed  as  a genus  In  the  Sarcoscyphaceae  to  acconunodate 
the  species  with  cyanophilous  spore  markings.  Gallella  was 
first  introduced  with  four  species!  G.  lavanica  (Rehm  in  R. 
Henn.t  Nannf.  & Korf,  G.  thwaltesll  (Berk.  & Br. ) Nannf.,  G. 
celebica  (P.  Henn.  in  Warb.)  Nannf.,  and  the  type 
species,  G.  rufa  (Korf,  1957).  Korf  (1957)  also  suggested 
that  Gallella  may  be  more  evolved  than  Plectania.  another 
genua  in  the  Sarcoscyphaceae  (sensu  Le  Gal),  by  having 
lighter-colored  apothecia  and  a more  pronounced  gelatinous 

Taxonomlcally,  Ec)tblad  (196B)  placed  Gallella  in 
Urnuleae,  one  of  the  tribes  of  Sarcoscyphaceae  based  upon 
the  dark-colored  apothecia.  Based  on  their  unique 
characteristics,  Rifal  (1968),  who  did  not  study  Gallella 
species,  proposed  a new  suborder  in  the  Pezizales,  the 
Sarcoscyphineae,  which  Included  the  members  of 
Sarcoscyphaceae.  Two  years  later,  Korf  (1970)  divided 
Sarcoscyphineae  into  two  families,  the  Sarcoscyphaceae  with 
brightly-colored  apothecia,  and  the  Sarcosomataceae  with 
dark-colored  apothecia.  Gallella  was  placed  in 
Sarcosomataceae,  tribe  Galielleae,  with  cyanophilous  spore 
markings.  Unlike  the  other  Sarcoscyphineae,  the  data  on 
carotenoid  pigments  and  nuclear  number  in  G.  ru fa  are 


lacking. 


Most  studies  of  G. 
morphological  features  a 
opercula  and  the  ascal  w 


are  so  far  confined  to 
few  ultrastructural  works  on 
Ultrastructurally,  samuelson 


et  al.  {19S0}  found  that  the  opercula  of  Sarcosoioataceae, 
including  G.  rufa,  were  non-eccentric  and  not  different  from 
those  of  the  other  Pezisales  except  the  Sarcoscyphaceae . 
Bellem^re  et  al . fl990}  also  concluded  that  the 
Sarcosomataceae  were  not  subcperculate.  However,  these 
workers  considered  Gallella  neither  as  a member  of  the 
Sarcoscyphaceae  nor  of  the  Sarcosomataceae  because  the 
subdivision  of  the  apical  ascal  wall  layers  was  different 

A number  of  guestione  have  been  raised  relative  to  the 
position  of  the  Sarcosomataceae  in  the  suborder 
Sarcoscyphineae.  Little  is  known  about  the  nature  of 
ascosporogenesis  in  members  of  this  suborder.  In  previous 
studies  the  ultrastructure  of  spore  ontogeny  has  been 
determined  In  species  of  Sarcoscvpha  (chapter  II), 

PhllUpsla  end  Hvnnea  (Chapter  III),  Urnula  (Chapter  IV), 
and  Pseudopleetania  and  Pleetanla  (Chapter  V).  The  purpose 
of  this  paper  Is  to  describe  ultrastructural  techniques  used 
to  study  ascosporogeneels  In  Gallella  rufa  and  reveal 
cytologlcal  Information  that  can  be  used  to  establish 
phylogenetic  relationships  to  the  Sarcoscyphaceae  and  other 
families  of  Peziseles. 


Hacerlala  a 


1 Methods 


Field  specimens  were  processed  for  transmission 
electron  microscope  study  following  the  procedures  described 
by  Curry  and  Kimbrough  (1983).  The  following  collection  was 
examined:  Galieila  rufa  (Schw.)  Nannf.  & Korf;  on  decaying 
wood  found  under  oaka.  Botanical  Garden  of  University  of 
Georgia,  Athena,  Clarke  Co.,  Georgia,  on  July  11  1992, 
collected  by  J.  W-  Kimbrough  and  Li*Tr 
Ultrathin  sections  were  obtained  on  an 
ultramlcrotone  with  a diamond  knife, 
with  uranyl  acetate  and  lead  citrate  f 
respectively,  the  sections  w 
Hitachi  H'800  electron  microscope. 

Results 

Early  Stage  of  Ascosooroaenesls 

Prior  to  ascoaporogeneais,  the 
nucleus  (N)  and  different  sizes  of  vesicles  (V)  with 
electron  dense  matrices  located  above  and  below  the  nucleus 
(Fig.  6.2).  The  events  of  meiosis,  mitosis,  and  ascus 


i,  (FLAS  F55949) . 

sr  poststaining 
30  and  10  minutes. 


vesicle  membrane  delimitation  were  not  observed.  The 
completion  of  spore  delimitation  is  shown  with  a single 
haploid  nucleus  completely  encircled  by  spore  delimiting 
membranes  (SDH)  and  some  primary  well  (PH)  material 
deposited  between  the  outer  and  the  inner  spore 
membranes  (Fig.  6.3). 


delimiting 


Prlaiarv  Wall  and  Perigportc  Sac  Pornatlon 

During  primary  wali  lormation,  eight  ascoaporea  in  one 
ascus  develop  synchronoualy  {Fig.  6.1).  More  primary  wail 
material  is  deposited  between  two  layers  oC  the  spore 
delimiting  membrane.  The  primary  wall  (PW)  la  electron 
translucent,  and  the  ascospores  are  globose  (Fig.  6.4),  At 
this  stage,  only  two  nuclei  are  found  in  the  upper  spore, 
and  numerous  electron  dense  globular  bodies  (GB)  appear  In 
the  eplplasm  (EPM)  (Fig.  6.4).  These  globular  bodies  appear 
to  be  present  in  electron-translucent  vesicles  (TV) 
scattered  throughout  the  eplplasm  (Figs,  6. 4-6. 7). 

Later,  these  large  veeicles  with  inclusions  become 
oppressed  to  the  outer  spore  delimiting  membrane  (Fig.  6.5), 
Most  of  the  material  in  the  vaalcle  is  electron  translucent 
but  with  many  electron  dense  globular  bodies  which  become 
amorphous  and  surrounded  with  electron  dense  granules  (Fig, 
6.5)  , 

In  the  next  stage  of  wall  development,  the  outer  spore 
delimiting  membrane  expands  at  various  places  along  the 
primary  wall  (Fig.  6.6,  arrow).  After  the  perlsporlc  sac 
(PS)  1s  formed,  the  spore  elongates  and  becomes  more  or  leas 
ovoid,  and  electron  dense  bodies  are  found  in  the  sporoplasm 
(Fig.  6.6),  At  higher  magnification,  the  globular  bodies  in 
the  eplplasmic  vesicles  change  in  electron  density,  attach 
to  the  outer  spore  delimiting  membrane,  and  seem  to  spread 
(arrow)  into  the  perlsporlc  sac  (Fig.  6.7). 


Differentiation  of  Eplspore  Lavera 


Subsequently,  two  types  of  aggregation  occur  in  the 
perlsporlc  sac,  one  in  which  small,  globose  electron  dense 
bodies  (arrows)  attach  to  the  primary  wall,  and  the  other  In 
which  large,  astral  matrices  appear  close  to  the  inner  side 
of  the  outer  spore  delimiting  membrane  (Figs.  6.8,  6.9). 
Eplspore  precursors  (EPF)  develop  between  the  globular 
bodies  on  the  primary  wall  (Fig.  6.9).  At  this  stage, 
electron  dense  granules  appear  in  the  primary  wall  (Figs. 
6.9,  6.9).  Certain  areas  of  the  ascospore  wail  are  covered 


by  radially  arranged  epispore  precursors. 


delimiting  membrane  is  pressed  very  close  to  the  eplspore 
precursors  by  the  eplplasm,  which  has  mitochondria  (H)  (Fig. 
6.10).  The  primary  wall  appears  more  electron  dense  and 
slightly  zonated  (Fig.  6.10). 

By  the  completion  of  epispore  formation,  the  ascospore 
is  narrowly  elliptical,  and  the  organelles  In  the  sporoplasm 
are  seen  clearly,  including  a couple  of  nuclei  (Fig.  6.11). 
After  the  first  layer  of  the  epispore  (EP)  is  formed,  the 
perisporic  sac  is  filled  with  electron  dense  granules  and 
other  amorphous  electron  opaque  bodies  (OB)  (Fig.  6.12). 
These  bodies  adhere  to  the  first  layer  of  the  epispore,  and 
large  discrete  masses  (DM)  deposit  on  them  (Fig.  6.13).  The 
opaque  bodies  later  appear  firmly  attached  to  the  eplspore 
layers,  and  the  large  discrete  masses  enlarge  and  become 
more  compact  In  density  (Fig.  6.14).  The  well 


differentiated  epiepore  is  CDmpoaed  of  multiple  layers  and 
the  electron  translucent  primary  wall  has  radial  strlatione 
In  the  outer  area  IFig.  6.14). 

Hature  Spore  Wall 

The  large  discrete  masses  later  disappear  from  the 
perisporic  sac  and  the  perisporic  sac  completely 
dlslhtegratea  (Pigs.  6.15,  6,16)  with  only  traces  of  the 
outer  spore  delimiting  membrane  left  (Fig-  6.16,  arrow). 

The  sporoplasm  becomes  osmiophilic  in  the  nature  spore,  and 
only  lipid  bodies  (L)  can  be  easily  distinguished  within 
(Fig.  6. IS).  The  mature  spore  wall  Is  composed  of  a senate 
primary  wall,  an  epispore,  and  a secondary  wall  which  has 
opaque  bodies  as  ornaments  (OR)  (Figs.  6. IS,  6.16). 

Discussion 

The  early  stages  of  ascosporogenesls  found  in  G,  rufa 
are  the  same  as  those  in  most  of  the  Asconycetes  (Bechett, 
1961).  However,  the  primary  spore  wall  of  G.  ru fa  is 
different  from  PhllllpBla  and  Hvnnea  (Chapter  III)  by  lack 
of  the  primary  wall  ornaments.  In  general,  the  entire 
process  of  spore  wall  development  of  G.  rufa  is  similar  to 
the  other  Sarcosomataceae  regardless  of  the  presence  of 
globular  electron  dense  bodies  in  the  eplplasm  before 
epispore  layer  differentiation.  Also,  g.  rufa  and  Plectania 
nannfeldtil  Korf  (Chapter  V)  both  have  fine  ornaments 
composed  of  secondary  wall  material,  since  ascospores  of  G. 
rufa  and  p.  nannfeldlii  are  both 


ellipsoid 


it  is  very  difficult  to  distinguish  those  two  simpiy  by 
comparing  spore  wall  formation. 

ascosporoganesis  of  g.  rufa  is  similar  to  Piscina,  the 
subgenus  of  Gyromitra.  in  Helveiiaceae  (Kimbrough  and  Wu, 
1990),  especially  the  electron  danse  globular  bodies  found 
outside  of  the  perisporlc  sac  which  are  engulfed  later  by 
the  outer  spore  delimiting  membrane.  The  differences 
between  Gyromitra  and  G.  rufa  are  that  G.  rufa  has  amorphous 
globular  electron  dense  bodies  before  eplspore  formation, 
two  different  types  of  wall  material  aggregation  during 
eplspore  layer  differentiation,  and  secondary  wall  formation 
that  differs  from  species  of  Gyromitra. 

The  cyanophilous  ornaments  of  6.  rufa  were  found  to  be 


composed  o 
supports  m 


secondary  wall  material 


discoyery 
.hat  the  secondary  wa 
Taxonomically,  with 


cyanophilous  spore  markings  and  the  fairly  e 
gelatinous  layer  in  the  apothecium  together  with  other 
unique  features  found  in  the  sarcosomataceae,  G.  ru fa 
represents  a typical  member  of  the  Sarcosomataceae,  trlb 
Galieileae.  It  may  not  be  necessary,  however,  to  pull 
Galiella  out  of  the  Sarcoscyphineae  based  only  upon 
subdiylsions  of  the  opercular  wall  layers  (Beliemere  et 


multlnucleate 


CyCological  data  show  that  S.  rufa  has 
ascospores  (Figs.  6.4,  6.11J,  which  Is  one  of  the  features 
that  characterise  the  Sarcoscyphlneae  as  well  as  the 
Helvellaceae  and  the  Morchellaceae . Gallella  ruta  nay  be 
more  closely  related  to  the  Morchellaceae  and  the 
Helvellaceae.  including  the  dlsclnoid  Gyromltra.  based  on 
this  genetic  characteristic. 

So  far,  studies  of  ascosporogenesis  at  the 
ultrastructural  level  can  only  provide  limited  information 
for  helping  to  solve  some  of  the  taxonomic  problems.  Even 
though  G.  rufa  is  possibly  closely  related  to  other  groups 
with  multlnucleate  spores,  more  concrete  evidence,  such  as 
septal  structures  which  are  considered  to  be  the  most 
conservative  trait,  will  be  needed  to  show  phylogenetic 
relationships  of  G.  rufa  to  other  Perlrales  and  the 
direction  of  evolution  in  the  Sarcosomataceae . 


fig.  6. 
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Fig.  S.16 


The  mature  spore  wall  is  composed  of  the 
zonated  primary  wall,  the  eplspore,  and  the 
ornaments  {OR)  originating  from  secondary  wall 
material.  Traces  of  the  outer  spore  delimiting 
membrane  (arrow)  is  left  after  the  perisporic 
sac  degenerated  {bar  ~ 0.5  pm). 


CHAPTER  VII 

SEPTAL  STRUCTURES  IN  THE  SARCOSCYPHACEAE  AND  SARCOSOMATACEAE 
Introduction 

The  Sarcoecyphaceee  and  sarcoaoraataceae  belonging  to 
Che  suborder  sarcoscyphineae  in  the  Pesisales  are 
characterized  by  a series  of  unique  features,  including 
leathery  apothecia,  an  aporhyngue  type  of  crozier  syatem, 
and  especially  an  obliquely  positioned  operculum  (Rifal, 
196B).  Since  Chadefaud  (1946)  and  Le  Gal  (1946a,  1946b) 
described  the  auboperculum  and  Che  apical  open  ring  of  the 
ascua,  studies  of  members  of  this  suborder  have  been  limited 
mostly  to  morphology  (Le  Sal,  1947;  Eckblad,  1968;  Rifal, 
1968;  Korf,  1970,  1973),  cytology  (Berthet,  1964),  and 
cytochemistry  (Arpin,  L968). 

several  phylogenetic  schemes  were  suggested  for  the 
sarcoscyphaceae  and  Sarcosomataceae.  Based  upon  the 
opercular  structures  that  were  found  in  the  suboperculate 
aacus,  Le  Gai  (1946b)  hypothesized  that  the  operculate 
Dlacomycetes  were  derived  from  the  inoperculate  Diseomyeetes 
by  way  of  the  suboperculate  group.  Her  scheme  was  adopted 
by  Korf  (1958),  Berthet  (1966),  and  Arpin  (1968).  Berthet 
(1966)  hypothesized  that,  through  parallel  evolution,  the 
suboperculate  and  the  operculate  groups  were  derived  from 


the  sclerotlnlaceae  and  Geoglossaceae,  respectively.  The 
inoperculate  Diacomycetes  and  the  Sarcoscyphineae 
represented  the  end  points  of  evolution  in  their  respective 
groups.  Arpln  (1966)  agreed  with  Berthet  (1966)  and  further 
suggested  that  the  Sclerotlnlaceae  was  the  ancestor  of  the 
Sarcosonataceae,  whereas  the  origin  of  the  Sarcoscyphaceae 
was  unknown.  SclcPlad  (1968)  considered  that  the  proposal  of 
a relationship  between  the  suboperculate  and  the 
inoperculate  group  was  weak  due  to  his  being  unable  to  find 
the  apical  open  ring  as  described  by  Chadefaud  (1946)  and  Le 
Gal  (1946a.  1946b)  in  fresh  naterlals.  Sckblad  felt  that 
the  apical  open  ring  was  an  artifact  of  fixation  and 
suggested  that  the  Sarcoscyphlneae  were  derived  from 
operculate  Disconiycecea  and  could  be  a final  step  in  the 
evolution  In  the  Peslsales.  However,  because  the 
Sarcoscyphlneae  had  a number  of  unique  characteristics. 
Eckblad  (1968)  even  suggested  that  the  recent  ancestors  of 
the  Sarcoscyphlneae  were  probably  extinct,  other 
characteristics  are  needed,  however,  to  confirm  whether  this 
evolutionary  scheme  is  valid. 

Early  history  of  ultrastructural  studies  of  septal 
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deiDonstrated  a conplicatad  type  of  septal  plugs  in 
Aacodesnls . Later,  Kamaletdinowa  and  Vassllyev  (1983) 
studied  septal  structures  of  several  fanilles  In  the 
Perlsales,  Including  the  Sarcoscyphaceae  and  showed  that 
both  pore  plugs  and  Horonin  bodies  were  variable  in  shape. 
Curry  and  Kimbrough  (1983)  studied  Pezisaceae  and  found  that 
the  septal  structures  in  ascal  bases  and  ascogenous  hyphae 
consisted  of  either  convex  or  biconvex  bands,  whereas  those 
in  the  vegetative  hyphae  were  laminated  structures 
associated  with  globose  Woronln  bodies  around  the  pore.  In 
the  Ascobolaceae  (Kimbrough  and  Curry,  1965),  similar 
hemispherical  pore  plugging  structures  were  found  in  both 
aecal  bases  and  ascogenous  hyphae,  and  electron  opaque  bands 
with  sometimes  indistinct  laminations  were  found  in  the 
somatic  hyphae.  However,  Curry  and  Kimbrough  (1983)  found 
in  lodophanus  an  almost  Identical  pattern  of  septal 
structures  to  those  in  the  Pezlzaceae.  Therefore,  they 
suggested  that  lodophanus  should  be  considered  as  a member 
of  the  Pezlzaceae.  Aleurieae  in  the  Otldeaceae  had 
different  types  of  septal  structures  in  asci  of  Octospora, 
Aleurla,  Anthracobta.  and  Pulvinula  (Kimbrough  and  Curry, 
1986a;  Wu , 1991).  Sowerbyelleae,  Scutellinieae,  Lachneae, 
some  of  the  Aleurieae  in  the  otldeaceae,  and  Ascobolaceae 
shared  similar  types  of  septal  structures  (Kimbrough  and 
Curry,  1985,  1986a,  1986b;  Wu,  1991).  Members  of  the 
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A phylogenetic  scheme  based  upon  septal  structures  of  the 
Pezizales  was  proposed  by  Kimbrough  (1994). 

Ultrastructural  studies  of  the  sarcoscyphaceae  and 
Sarcosomataceae  are  restricted  to  opercula  and  ascal  walls 
(Samuelson,  197S;  Samuelson  et  al,,  I960;  Qonadinl  et  al., 
19B9:  Bellenere  et  al.,  1990;  Melendez-Howell  et  al.,  1990). 
The  data  demonstrated  that  opercula  of  the  sarcoscyphaceae 
were  eccentric  and  were  different  from  the  other  Pezizales, 

eccentric.  My  worlt  on  spore  wall  ontogeny  of  the  selected 
genera  in  the  Sarcoscyphaceae  and  Sarcosomataceae  (Chapter 
11;  Chapter  III;  Chapter  IV;  Chapter  V;  Chapter  VI)  showed  a 
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(Kimbrough,  1994),  septal  structures  associated  with  asci, 
ascogenous  hyphae,  and  vegetative  hyphae  were  investigated. 
The  purpose  of  this  paper  is  to  describe  the  resuita  of 
these  studies  and  to  show  reiationships  of  the 
Sarcoscyphaceae  and  Sarcosomataceae  to  the  Pesizales  based 

Materials  and  Methods 

Field  speciinens  were  processed  for  transmission 
electron  microscope  study  following  the  procedures  described 
by  Curry  and  Kimbrough  (19B3),  The  following  collections 
were  examined:  Barcoscvpha  occidentalis  (Schw.)  Sacc.;  off 
Bullpen  Road,  4-5  ml.  s.  E.  of  Highlands,  Macon  Co.,  North 
Carolina,  on  August  4 1987,  (FLAS  F55272);  Sarcoscvoha 
cocclnea  (Jacg.  : Pr.)  Lambotte;  on  decaying  hardwood, 
Watkins  Hill,  5 ml.  E.  of  Kearny,  Davies  Co.,  Missouri,  on 
April  26  1992,  (FLAS  F55878);  Philllpsla  dominoensis  (Berk.) 
Berk.;  s.  H.  20^"  Avenue,  near  US  75,  Gainesville,  Alachua 
Co.,  Florida,  on  September  16  1983,  (FLAS  F53645);  Wynnes 
amerlcana  Berk,  t Curt.;  Boll  Creek  Road,  Hydrology  Research 
area,  Coweeta,  Macon  Co.,  North  Carolina,  on  August  14  1987, 
(FLAS  F55286),  on  August  14  1992,  (FLAS  F55994);  Urnula 
crateriuro  (Sehw.)  Fries;  Hwy  83,  5 mi.  N.  E.,  Forsyth  Park, 
Macon  Co.,  Georgia,  on  March  12  1992,  (FLAS  F55753); 
Pseudoplectanla  niarella  (Pers,  ex  Fr.)  Fckl,;  on  moist, 
mossy  soli  near  snow  melt,  5000  ft  elevation,  on  Timberline 
Lodge  Road,  300  yds,  off  Hwy  26,  Mt.  Hood,  2 ml.  E.  of 


Government  Camp,  Oregon,  on  June  24  1984,  (FLAS  FS3942); 
Plectanla  nannfeldtli  Korf;  on  conifer  twigs  along  snowbank, 
1/4  mi.  behind  campground  at  Yuba  Pass,  6000  ft,  5 mi.  E.  of 
Sierra  City,  Sierra  Co.,  Calitornia,  on  June  20  1984,  (FLAS 
F53955)!  Galieiia  ruta  (Schw, ) Nannf.  i Korff  on  decaying 
wood  found  under  oaks.  Botanical  Garden  of  University  of 
Georgia,  Athens,  Clarke  Co.,  Georgia,  on  July  11  1992,  (FLAS 
FSS949).  ultrathln  sections  were  obtained  on  an  LKB  Huxley 
ultramicrotome  with  a diamond  knife.  After  poatatalning 
with  uranyl  acetate  and  lead  citrate  for  30  and  10  minutes, 
respectively,  the  sections  were  examined  at  SO  kv  on  a 
Hitachi  H-SOO  electron  microscope. 

Results 

Septal  Structures  In  the  Sarcoscvphaceae 

Excioulum  and  paraphvses.  Exclpular  septa  of  S. 
occidentalis  are  uniperf orate . Septal  structures  include  an 
electron  dense  band  loosely  attached  to  the  pore  rim  and 
several  globose  Horonin  bodies  (W)  In  the  adjacent  cytoplasm 
(Fig.  7.1).  In  P.  dominaenais  (Pig.  7.2)  and  H.  amerlcana 
(Fig.  7.3),  unlperforate  septa  of  the  exclpular  cells  are 
plugged  by  an  electron  opaque  fan'Shaped  matrix  surrounded 
by  a number  of  globose  electron  dense  Woronin  bodies.  Both 
of  the  septal  plugs  in  P.  dominqensis  and  w.  americana 
appear  homogeneous  with  a translucent  torus  on  each  side  of 
7.2,  7.3). 


plugs  (arrows)  (Figs. 


The  pore  plug  in  paraphyses  of  s.  occidentalls  is 
either  an  electron  opaque  tan-shaped  matrix  lightly  attached 
to  the  aeptum  tFig.  7.4)  or  two  small  electron  opaque 
matrices  that  adhere  to  both  sides  of  the  septum  (Fig.  7.5). 
In  W.  americana,  the  septal  structures  are  composed  of  an 
eleotron  dense  matrix  with  laminations  bordering  both  sides 
of  the  septum  (Fig.  7.S,  arrows),  and  are  entrapped  by  the 
overgrown  secondary  wall  (3W). 

Ascocenous  hvphae.  In  young  apothecia  of  S.  coccinea, 
ascogenous  hyphae  with  trailing  hyphae  were  found.  At  the 
distal  end  toward  the  ascus  mother  cell  (ASM),  septal 
structures  (arrow)  are  observed  at  the  septum  between  the 
ascogenous  hypha  (AH)  and  the  ascus  mother  cell  with  a 
diploid  nucleus  (K)  (Fig.  7.7).  At  higher  magnification, 
the  central  pore  of  the  septum  is  plugged  by  a poorly 
differentiated  electron  opaque  matrix  and  surrounded  by 
several  microbody-llke  vesicles  (V)  with  electron  dense 
material  inside  (Fig.  7.6).  The  aeptal  plug  in  P. 

few  electron  opaque  bodies  around  It  (Fig.  7.9).  No  Woronin 
bodies  were  found  in  the  ascogenous  hyphae  of  either  s. 
coccinea  or  P.  dominoenals.  However,  raicrobody-llice 
vesicles  were  found  near  the  pores  in  S.  coccinea . 

Aacl . The  septa  of  the  ascal  base  were  found  only  in 
3.  occidentalls.  The  ascal  base  septum  is  unlperforate  and 
the  septal  structure  develops  as  a fan-shaped  electron 


opaque  matrix  at  both  sides  of  the  septum  (Fig.  7.10). 
However,  the  fan-shaped  matrix  at  the  side  of  the  ascus  (AS) 
is  not  well  differentiated  and  Is  associated  with  an 
electron  translucent  zone  (arrows)  on  each  side  of  the 
matrix  (Fig.  7.10). 

Septal  structures  in  the  Sarcosonataceae 

ExcipuluiB  and  paraphvaea.  The  excipular  septal 
structures  in  U.  craterium  are  composed  of  a hemispherical 
electron  dense  matrix  and  globose  Woronln  bodies  (Fig. 

7.11).  In  addition  to  globose  Voronin  bodies,  short 
cylindrical,  hexagonal  (Fig.  7.12),  and  long  cylindrical 
(Fig.  7.13)  Voronin  bodies  were  also  found  in  excipular 

In  0.  rufa,  the  septal  structure  of  the  excipular  cell 
is  a pulley-shaped  electron  dense  matrix  with  indistinct 
striations  and  an  electron  translucent  border  on  each  side 
of  the  matrix  (Fig.  7.14,  arrows).  Voronin  bodies 
associated  with  this  type  of  septal  plug  are  elliptical 
(Fig.  7.14)  or  cylindrical  (Fig.  7. IS).  Some  pore  plugs  in 
G.  rufa  have  slightly  opaque  bands  with  a darker  line 
(arrow)  running  across  the  plug  and  along  the  septum  (Fig. 
7.16).  Voronin  bodies  accompanying  this  type  of  septal 
structure  are  more  or  less  globose  (Pig.  7.16).  The  septal 
structures  in  the  excipular  cells  of  P.  nannfeldtll  are  two 
electron  dense  matrices  attached  to  both  sides  of  the  septum 
and  surrounded  by  globose  Voronin  bodies 


(Fig.  7.17) 


The  pore  plug  of  parephyees  It 
hemispherical  and  electron  dense  with  globose  woronin  bodies 
appressed  to  it  (Fig.  7. IB).  A fan-shaped  electron  opaque 
matrix  and  globose  Woronin  bodies  are  observed  in  the 
paraphyses  of  Ps.  nioreiia  (Pig.  7,19).  In  paraphyses  of  P. 
nannfeldtii . an  electron  dense  matrix  is  trapped  within  the 
overgrown  secondary  wall,  but  globose  Woronin  bodies  remain 
outside  of  the  secondary  wall  (Fig,  7,20). 

Ascooenous  hvphae.  In  the  members  of  the 

hyphae  were  observed  only  in  U.  craterluro . The  plug  of  the 
central  uniperforate  septum  is  composed  of  a dumbbell-shaped 
electron  opaque  matrix  with  Indistinct  laminations  and  a 
translucent  border  on  both  sides  of  the  septum  (Fig.  7.21). 

Asci . In  y.  craterium,  the  central  pore  plug  of  the 
ascal  base  septum  is  a dumbbell -shaped  matrix  with  V-shaped 
bands  (arrows)  and  a translucent  border  on  each  side  of  the 
septum  (Fig.  7.22).  The  V-shaped  bands  are  better 
differentiated  on  the  ascogenous  hyphal  side  (AH)  of  the 
ascal  base  than  those  of  the  ascus  side  (AS)  of  the  septum 
(Fig.  7.22) . 


A similar  dumbbell-shaped  electron  opaque  matrix  is 
found  In  G.  rufa  (Fig.  7.23).  Two  electron  dense  strlations 
(arrows)  appear  in  both  sides  of  the  dumbbell-shaped  matrix. 
A translucent  torus  separates  the  matrix  from  both  sides  of 
the  septum  (Fig.  7,23).  The  pore  plug  of  Ps.  nigrel la  is  an 


electron  dense  matrix  with  slightly  electron  opaque  material 
in  the  center  (Fig.  7.24),  However,  the  entire 
structure  is  trapped  with  an  overgrowth  of  the  secondary 
wall  and  Is  difficult  to  sea  In  detail  (Fig.  7.24). 

Discussion 

Because  the  Sarcoscyphineae  have  the  unique  feature  of 
an  aporhynque  type  of  crosier,  i.e.  trailing  hyphae,  even 
with  well-oriented  material,  it  becomes  very  difficult  to 
obtain  septal  structures  of  ascal  bases  or  In  recognizing 
the  exact  cell  types  present.  Since  Horonln  bodies  are  only 
found  in  exclpular  cells,  paraphyses,  and  occasionally  in 
ascoqenous  hyphae,  but  not  in  ascal  bases,  this  charaoter  is 
used  to  distinguish  vegetative  and  reproductive  hyphae. 

In  members  of  the  Sarcoscyphaceae  examined,  the  septal 
structures  found  In  the  vegetative  hyphae  are  of  two 
different  types.  Except  for  the  laminated  structures  of 
paraphyses  in  W.  americana . they  are  typical  of  most  of  the 
families  in  Pezizales  (Brenner  and  Carroll,  1968;  Curry  and 
Kimbrough,  19B3;  Kamaletdinowa  and  Vassllyev,  1983; 

Kimbrough  and  Curry,  1986a,  1986b;  Kimbrough  and  Gibson, 

1989;  Wu,  1991)  and  Hvdnobolltes.  a truffle  genus  found 
United  to  the  Pezlzaceae  (Kimbrough  et  al.,  1991).  Other 
septal  structures  in  S.  occidentalis . p.  dominqensls,  and  in 
exclpular  cells  of  w.  americana . are  similar  to  those  found 
in  some  of  the  Otldeaceae  (Kimbrough  and  Curry,  1986a; 
Kimbrough  and  Gibson,  1990;  Hu,  1991)  and  Ascobolaceae 
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Curry,  198S|.  Septal  pore  plugs  associated 


with  ascogenouB  hyphae  of  s.  coccinea , and  P.  doralnoensla. 
and  especially  those  of  ascal  bases  in  s.  occidentalis , are 
almost  Identical  to  Chose  in  Mvcolachnea . Trichophaea  (Hu, 
1991),  and  Genea,  also  a truffle  genus  related  to 
Hvcolachnea  (Otideaceae)  (Li  and  Kimbrough,  1994).  The 
microbody-like  vesicle  found  in  S.  coccinea  is  very  similar 
to  the  peculiar  mlcrobodles  found  t>y  Wergin  (1973)  in  a 
species  of  Fusarium. 

The  septal  pore  structures  found  in  Che  Sarcosomataceae 
display  various  patterns.  Urnula  crateriuiii  has  identical 
pore  plugs  In  both  excipular  cells  and  paraphyses,  similar 
to  those  in  S.  occidentalis  and  P.  domlnoenais . However, 
the  hexagonal  Horonln  bodies  in  excipular  cells  of  U. 
craterium  are  also  found  in  Verpa  (Horchellaceae) 
(Kamaletdlnoua  and  vassllyev,  1983),  hnthracobta.  Octoapora 
(Aleurleae,  Otideaceae)  (Kimbrough  and  Curry,  1986a),  and 
Caloscvpha  (sowerbyelleaa,  otideaceae)  (Kimbrough  and  Curry, 
19G6b),  The  long  cylindrical  Horonin  bodies  in  U.  craterium 
ace  only  found  elsewhere  In  Horchella . Verpa  (both 
Horchellaceae)  ( Kanialetdinowa  and  Vassllyev,  1983),  and  In 
species  of  gyromltra  (Helvellaceaej  (Kimbrough,  1991). 

The  septal  structures  of  ascogenous  hyphae  and  of  ascal 
bases  In  U.  craterium  are  almost  identical  to  those  of 
Geopvxls  (Otideaceae).  The  septal  structures  of  vegetative 
hyphae  In  G.  ru fa  display  two  unique  patterns  in 


prominent  pore  plug  with  a translucent  torus.  This  torus  Is 

examined,  similar  to  U.  craterium.  long  cylindrical  Woronln 
bodies  are  also  observed  in  the  excipular  cells.  The  pore 

less  similar  to  that  of  Caloscvpha  of  the  otldeaceae 
{Kimbrough  and  Curry,  1986b).  Septal  pore  organelles 
associated  with  vegetative  hyphae  in  P.  nannteldtli  and  Ps. 

S.  oceldentalls.  p.  domlngensls,  W. 
appearance . 

In  either  vegetative  or  reproductive  hyphae  of  both  the 
Sarcoscyphaceae  and  Sarcosooataceae,  septal  pore  plugs 
sometimes  are  trapped  In  the  overgrown  secondary  wall. 
Similar  observations  were  made  in  different  families  of  the 
Peritales  (Curry  and  Kimbrough,  1983;  Kimbrough  and  Curry, 
198S,  1986a,  1986b;  Kimbrough,  1991). 


Septal  structures  of  ascal  bases  in  P.  dominoensis . H, 

the  septal  structures  found  In  ascal  bases  and  ascogenous 
hyphae  indicate  that  the  sarcoscyphaceae  are  related  to  both 
the  Lachneae  (Otideaceae)  and  the  Sarcosomataceae.  They  are 
also  intermediate  between  the  Aleurieae  (Otideaceae)  and  the 
Horchellaceae  (see  Chapter  VIll).  Likewise,  based  upon  the 
fan-shaped,  laminated  types  of  septal  structures  in 
vegetative  hyphae  in  the  Sarcoscyphaceae  and  the 


Sarcoaomataceasr  these  two  families  are  related  to  each 
other  and  to  the  Otideaceae  of  the  Peaizales. 

Both  Sarcoscyphaceae  and  Saroosonataceae  possihly  have 
a polyphyietlc  origin  because  of  the  variation  of  septal 
structures  In  both  vegetative  and  reproductive  hyphae.  In 
the  Sarcoscyphaceae,  despite  the  lack  of  septal  data  In 
ascogenoua  hyphae  and  aacal  bases  of  W.  amerlcana,  the 
septal  plug  of  paraphyses  Indicates  that  w.  amerlcana  could 
be  different  from  sarcoscypha  and  Phliiipsla.  Wvnnea  also 
has  clustered  apcthecia  which  are  more  complicated  than  the 
solitary  discoid  apothecia  of  Sarcoscypha  and  Phllllpa la. 
However,  Phillipsia  and  Wvnnea  both  have  cyanophobic  spore 
markings  originating  from  the  primary  wall,  while 
SarcoBcvpha  has  only  smooth  spores  (Chapter  ll,  ill). 
Different  types  of  septal  structures  In  ascal  bases  are  also 
found  In  the  Sarcosonataceae. 

Berthet  (1964)  found  multinucleate  spores  in  the 
Sarcoscyphaceae  end  sarcosomataceae  and  thought  that 
multinucleate  groups  were  more  advanced  than  the  Pezlzales 
with  uninucleate  spores  (Berthet,  1966).  From  the  data  that 
1 obtained,  the  Sarcoecyphaceae  and  Sarcosomataceae  appear 
more  closely  related  to  the  multinucleate  groups,  the 
Morchellaceae  and  Helvellaceae.  They  are  possibly  derived 
from  the  otideaceae,  a uninucleate  group,  especially 
Geopvxls  and  members  of  the  Aleurla-Otldea  complex.  These 
that  the  Sarcoscyphaceae  and 


indicate 


Sarcosoiiiataceae  are  farther  removed  from  the  Pezizaceae 
which  have  the  simplest  septal  structures  in  the  Pezlzales. 
Therefore,  the  phylogenetic  scheme  for  the  Sarcoacyphlneae 
proposed  by  Le  Gal  (1946b),  in  which  the  suboperculate  group 
was  derived  from  the  inoperculate  group,  may  not  stand 
since,  based  on  septal  structures,  the  Pezizaceae  appear  to 
be  at  the  base  of  the  phylogenetic  tree.  I agree  with 
Eckblad  (1968)  that  the  Sarcoscyphineae  are  derived  from 
certain  members  of  the  Pezizalea,  and  that  the  phylogenetic 
relationships  using  aeptal  structures  proposed  by  Kimbrough 
(1994)  appear  reasonable. 
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CHAPTER  Vlir 
SUMMARY  AND  CONCLUSIONS 

The  Sarcoscyphlneae,  including  the  Sarcoscyphaceae  and 
Sarcoaamataceae,  has  been  demonstrated  to  be  a unique  group 
of  Petizales  (Rlfai,  1968).  The  Sarcoscyphaceae  and 
Sarcosomataceae  appear  to  be  Che  most  advanced  groups  of  the 
Pezizales  based  on  a number  of  features.  These  Include: 

1.  The  parasitic  nature  of  some  species.  Most  of  the 
literature  does  not  specify  substrates  on  which  the 
Sarcoscyphineae  are  found.  Plthva  In  the  Sarcoscyphaceae  la 
restricted  to  conifer  foliage  {Denison,  1972),  and  Urnula 
craterium  (Schw.)  Fries  In  the  Sarcosonataceae  has  been 
proven  to  be  a pathogen  of  oalca  (Fergus,  1951).  Personal 
observations  show  that  Sarcoscypha  occtdentalis  (Schw.) 

Sacc.  is  found  exclusively  on  hickory  throughout  the 
southeastern  U.S.,  while  S.  dudlevl  (Peck)  Baral,  U. 
craterium,  and  Galiella  ru fa  (Schw.)  Nannf.  & Korf  are  found 
on  various  species  of  oa)t3  lOuercus) . compared  to  the  other 
Pezizales  which  are  saprobic  or  mycorrhizal,  the 
sarcoscyphaceae  and  sarcosomataceae  with  their  host 
specificity  and  pathogenicity  may  be  more  evolved  than  the 
other  Pezizales. 
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Chadefaud  (1943)  described 


aporhynque  type  of  crosier  system,  i.e.  trailing  hyphae,  . 
the  sarcoscyphaceae  and  sarcoaomataceae.  This  character 
Indicates  that  these  families  are  highly  evolved  compared 
with  the  pleurorhyngue  type  of  crosier  system  of  most  of  i 
other  Pezlzales. 

Later,  Chadefaud  (1946)  and  Le 
described  the  apical  open  rings  and  J 
obliquely  positioned  opercula.  Howe^ 
thought  that  the  apical  open  ring  was 
fixation.  Ultrastructural  studies  si 
of  the  Sarcoscyphaceae  was  eccentric 


(1946a,  1946b) 
shaped  pads  of  the 
Eckblad  (196B) 
artifact  of 
I that  the  operculum 
therefore  different 
including  the 

eccentric  operculum  (Samuelson, 
1975;  Samuelson  et  al,,  1980).  Eccentric  asci  of  the 
Sarcoscyphaceae  appear  to  be  more  evolved  than  non-eccentric 
asci  of  the  other  Pezitales, 

discovery  (Berthet,  1964)  of  multinucleate  spores  of  the 
sarcoscyphaceae  and  sarcosonataceae,  Berthet  (1966) 
considered  these  two  families  to  be  more  advanced  than  those 
families  of  Pezlzales  in  which  spores  are  uninucleate. 
Bclcblad  ( 1968)  considered  that  families  with  uninucleate  and 
multinucleate  spores  were  examples  of  parallel  evolution. 
However,  because  only  Morchellaceae,  Kelvellaceae, 
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spores  in  the  Pezlzeles,  this  feature  appears  to  be  a 
derived  character. 

4.  ADotheclal  Dioeentation.  The  most  elaborate 
carotenoid  pigments  in  the  Petizaies  have  been  found  In  the 
Sarcoscyphaceae  (Arpln,  1968).  Arpin  suggested  that  Che 
larger  amount  of  the  complicated  pigments  a genus  contained, 

concluded  that  CooXeina  was  more  advanced  than  Phlllipsla 
and,  In  turn,  Phlllipsla  was  more  advanced  than  sareoscvpha. 
He  also  concluded  that  the  sarcosonataceaa  with  darX-colored 
apothecia  had  another  pigment  system  and  evolved  parallel 
with  the  Sarcoscyphaceae. 

5.  spore  symmetry.  Spores  of  the  Pezizales  are 
usually  symmetrical  and  either  globose  or  elliptical. 
However,  since  both  the  Sarcoscyphaceae  and  Sarcosomataceae 
have  inequilateral  spores,  this  characteristic  is 
considered  to  be  derived. 

6.  Structure  of  spore  walls,  spore  wall  ontogeny 

8.1)  and  Sarcosomataceae  (Chapter  IV-VI,  Fig.  8.2)  shows 
that  at  the  ultrastructural  level  spore  wall  formation  Is 
not  reliable  for  studying  phylogenetic  relationships  In  the 
Pezizales  due  to  Inconsistencies.  However,  fine  structures 
of  the  spore  wall  may  provide  useful  information  for 
resolving  soms  taxonomic  problems.  In  general,  four  types 
of  spore  walls  can  be  distinguished;  smooth  secondary  wall, 


ornamented  secondary  wall,  smooth  wall  with  an  exposed 
epispore,  and  ornamented  primary  wall.  I considered  a 
smooth  secondary  wall  to  be  a primitive  trait  and  that 
ornamented  secondary  walls  and  loss  of  secondary  walls  to  be 
more  evolved.  The  ornamented  primary  wall  appears  to  be  the 
most  highly  evolved.  Cyanophlllc  spore  ornaments 
originating  from  the  secondary  wall  commonly  occur  in  the 
other  Peslzales  but  cyanophoblc  spore  markings  composed  of 
the  primary  wall  are  only  found  in  the  sarcoscyphaceae. 
Therefore,  the  cyanophoblc  character  Is  considered  derived 
while  the  cyanophlllc  feature  is  conserved. 

7.  Septal  structure.  Septal  pore  plugs  of  vegetative 
hyphae  in  the  sercoscyphaceae  are  usually  fan-shaped 
matrices  with  an  electron  translucent  torus  on  each  side  and 
are  associated  with  globose  Woronin  bodies.  The  septel 
structure  In  the  paraphyses  of  Wvnnea  americana  Thaxter, 
however,  is  a laminated  matrix.  Septal  structures  in 
ascogenous  hyphae  and  ascl  of  the  Sarcoscyphaceae  are  fan- 
shaped matrices  with  electron  dense  striations  on  both 

Septal  structures  of  vegetative  hyphae  in  the 
sarcosomataceae  are  either  fen-shaped  matrices  as  found  in 
most  of  the  Sarcoscyphaceae,  or  laminated  dumbbell-shaped 
matrices  with  an  electron  translucent  torus  on  each  side. 
Woronin  bodies  associated  with  vegetative  septal  pore  plugs 
range  in  shape  from  globose,  hexagonal,  short  cylindrical. 


long  cylindrical. 


. In  reproductive  hyphaor  pore  plugs 
found  in  U.  cracerlum  are  dumbbell-shaped  matrices  with  V- 
shaped  strlations  and  a distinct  electron  translucent  torus. 
In  G.  ru fa.  septal  structures  in  asci  are  similar  to  those 
of  y.  craterlum.  but  the  laminations  and  torus  are 
indistinct. 


Based  upon  the  septal  structural  data  (Chapter  VII), 
the  Sarcoscyphaceae  have  almost  Identical  pore  plugs  in  asci 
as  those  of  Hvcolachnea , Trlchophaea  (Wu,  1991),  and  Genea 
(Li  and  Kimbrough,  1994)  (Lachneae)  in  the  Otideaceae.  The 
Sarcosomataceae  have  ascal  septal  pore  plugs  which  are 
similar  to  that  of  Geopvxis  (Kimbrough  and  Gibson,  1990)  and 
some  of  the  Aleurieae  (Otideaceae)  (Kimbrough  and  Curry, 
1986a,  1986b;  Wu,  1991).  These  data  strongly  support  that 
the  Sarcoscyphaceae  and  Sarcosomataceae  are  related  to  the 
tribes  Aleurieae  and  otideae  of  the  Otideaceae.  The  long 
cylindrical  Woronln  bodies  associated  with  vegetative  septa 
also  connect  the  Sarcosomataceae  to  the  Morchellaceae  and 
Helvellaceae  (Kamaletdlnowa  and  Vassilyev,  1983;  Kimbrough, 


8.  Systematic  and  phylogenetic  conclusions.  The 

upon  apothecial  morphology,  spore  wall  ontogeny,  and  septal 
structures.  Wvnnea  has  darker-colored,  clustered,  ear- 
shaped apothecia  while  Sarcoscvpha  and  Phillipsla  possess 
bright-colored  solitary  discoid 


i-shaped  apothecia.  Septal 


structures  of  Sarcoscvpha  and  Philllpsia  are  siioilar  to 
those  of  the  otideaceae,  Wvnnea  also  has  vegetative  septal 
structures  different  from  those  of  the  Otideaceae.  spore 
wall  formation  In  this  family  shows  many  variations  {Fig. 

secondary  wall  (5.  dudlevi 1 or  smooth  spores  with  an  exposed 
epispore  (i.  e.  without  a secondary  wall  layer  as  in  S. 
occidentalis  and  S.  coccinea) . The  latter  is  not  unlike 
that  of  many  other  Pesizales,  including  the  Sarcosomataceae 
{Fig.  G.2).  Because  of  cyanophobic  spore  markings,  spore 
wall  formation  of  Phillips  la  and  Wvnnea  Is  very  different 
from  that  of  the  other  Pezizales.  Therefore,  sarcoscvpha . 
Philllpsia,  and  Wvnnea  may  have  evolved  recently,  from 
different  ancestors.  The  Sarcosomataceae  are  more 
heterogeneous  than  the  Sarcoscyphaceae  based  on  different 
types  of  Woronln  bodies  and  septal  structures  (Chapter  VII). 

highly  evolved  based  upon  the  unique  features  discussed 
above.  However,  the  origin  of  these  families  is  still 
unclear  when  using  these  characters  alone.  Le  Gal  (1946b) 
theorized  a phylogenetic  scheme  in  which  the  auboperculate 
Discomycetes  were  derived  from  the  inoperculate  group.  This 
scheme  was  questioned  by  Eckblad  (196B).  Later,  Kimbrough 
(1994)  proposed  another  phylogenetic  scheme  based  upon 
septal  structures  In  which  the  Sarcoscyphlneae  were  derived 
from  the  Otideaceae  (Pezlzales).  So  far,  the  Pezlzaceae  are 
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known  to  have  the  simplest  septal  stiucturea  (Curry  and 
Kimbrough,  1983).  If  we  assume  that  the  operculete 
Dlscomycetea  are  derived  from  the  inoperculate  Dlscoiuycetes , 
Peslzaceae  is  the  family  of  Pezizalas  that  Is  likely  the 
most  closely  related  to  the  Inoperculate  Discomycetes. 
Landvlk  et  al.  (1993)  compared  18s  rONA  sequences  In  a 
number  of  Discomycetes  and  found  that  Pezlza  was  more 
closely  aligned  to  the  Inoperculate  Discomycetes  than  to 
Gvromltra  (Helvellaceae) , Inennlsla  (Otideaceae) , and 
Plectanla  (Sarcosomataceae)  (=  pseudoplectanla  In  this 


e sarcoscyphaceae  h 


e almost  Identical  septal 


structures  t 


f Lachneae,  there  a 


Sarcoscyphaceae  h 
suboperculate  asc 


support  the  idea  that  the  Sarcoscyphaceae  are  more  evolved 
than  Lachneae.  First,  the  subopercuLa  of  the 
sarcoscyphaceae  are  more  highly  modified  than  the  opercula 
Inequilateral  spores  of  the 
ive  evolved  simultaneously  with  the 
for  adaptation  of  spore  discharge 
IBuller,  1934).  Spore  markings  of  the  primary  wall  are 
considered  more  advanced  than  the  secondary  wall  spore 
ornaments  of  the  Lachneae.  Multinucleate  spores  Indicate 
that  this  family  is  more  advanced,  and  also  suggest  that  ths 
Sarcoscyphaceae  are  related  to  the  Morchellaceae  and 
Helvellaceae.  septal  data  supports  the  Idea  that  the 
Sarcoscyphaceae  1s  evolved  parallel  with  the  Morchellaceae 


and  Helvellaceae  from  the  Otideaceae  IFig.  8.3).  Many  of 
the  Otideaceae  possess  simple  carotenoid  pigments  (Arpin, 
1968)  which  could  serve  as  precursors  of  more  complicated 
carotenoids  found  In  the  Sarcoscyphaceae.  However,  with 
several  unique  characteristics,  the  Sarcoscyphaceae  are 
possibly  more  advanced  than  the  Horchellaceae  and 
Helvellaceae.  The  molecular  data  of  1TS2  bp  of  rDNA  done  by 
Monol  (1992)  also  showed  that  urnula  was  more  closely 
related  to  Otidea  (Otideaceae]  than  to  other  Petisales. 
Landviit  et  al.  (1992)  compared  18S  rDNA  sequences  of  various 
Discomycetes  and  found  Plectania  (Sarcosomataceae)  (■ 

Pseud oplectania  in  this  study)  was  closely  related  to 
Gvromitra  (Helvellaceae),  and  to  Inermisia  (Otideaceae). 
These  molecular  data  support  the  concept  that  the 
sarcosomataceae  have  a close  affinity  to  the  Helvellaceae 
and  Otideaceae.  A number  of  unique  features  discussed  at 


Sarcosomataceae  is  one  of  the  most  highly  evolved  families 
in  the  Pezisales.  However,  because  the  Sarcosomataceae  do 
not  have  suboperculate  ascl  (samuelson,  1976;  samuelson  et 
al.,  1980:  Bellemere  et  al.,  1990),  this  family  should  be 
pulled  out  of  the  sarcoscyphineae,  provided  the 
suboperculate  ascus  ie  retained  as  the  main  character  for 
this  suborder.  Even  though  they  may  be  excluded  from  the 
Sarcoscyphineae,  the  Sarcosomataceae  would  clearly  represent 
another  family  in  the  Pezizales  characterized  by 
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pathogenicity  to  higher  plants,  an  aporhynque  type  of 
crozier,  inequilateral  spores,  anO  gelatinous  apothecia. 

Based  upon  the  data  obtained  in  this  study  and  other, 
especially  those  providing  molecular  (Momol,  1992;  Landvih 
et  al>,  1993)  and  septal  data  (Kimbrough,  1994),  the 
Sarcoscyphaceae  and  sarcosomataceae  are  concluded  to  be  the 
most  highly  evolved  families  in  the  Pezizales  and  closely 
related  to  each  other.  They  also  appear  to  be  derived  from 
various  tribes  of  the  Otideaceae,  have  a close  affinity  to 
the  Helvellaceae  and  Morchellaceae,  and  appear  to  represent 
the  most  highly  evolved  group  in  the  phylogenetic  scheme  of 
Discomycetes . 
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